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(2 iron ore deposits of the Angara-Ilim 

ct were discovered and began to be ex- 

1 in the middle of the last century. Up 
51, however, these ore deposits did not 
et serious attention, since the reserves 

t appeared to be very small. This opin- 
is based not only on resources of these 
»ts that had actually been found up to 

me, but also on the commonly accepted 
‘of Russian geologists, especially the 
ting: all those who had investigated these 
ts associated their formation with the 

al activity of basic eruptive rocks ("trap- 
’); up to now it has commonly been con- 
'd impossible for basic magmas to pro- 
arge accumulations of ores by thermal 
's, because of the small amounts of 

fe components (mineralizers) in them. 

ict is, indeed, that with the exception 
Siberian platform no endogenetic mag- 

« deposits are thus far known to exist 
dhout all the areas with platform struc- 
where there are extensive rocks formed 
toasic magmas. In spite of these com- 

© accepted ideas, however, as early as 

» 1933 S.S. Smirnov stated that "the 

ire reserves of the Angara-Ilim province 
“iormous and must be reckoned not in 

is of tons as before, but in hundreds of 
ns of tons" [15]. He based this conclu- 
dn the fact that the mineralization was 
sally associated with the deep-seated 

\ of the magmatic activity that produced 
‘sic rocks, which were rich in volatile 
fuents, and not with any given bodies of 
Hock exposed by erosion. The presence 
tile constituents was indicated by the 
jaureoles of pneumatolytically and hy- 
irmally altered host rock enclosing the 
sdies. The predictions made by S.S. 

lov have turned out to be completely 

I 

it. 

] genesis of the magnetite deposits of 
gara-Ilim district was discussed for a 
¥me in geologic literature, but remained 
reat degree obscure because of the lack 
*specting work. More recently, the large 
: of geologic prospecting and scientific 
gation that has been done has greatly 


PROBLEMS OF THE GENESIS 
OF THE ENDOGENETIC MAGNETITE ORES 
OF THE TUNGUSSKA SYNECLISE 
ON THE SIBERIAN PLATFORM 


by 
N.V. Pavlov 


increased our knowledge of these unique de- 
posits, so that a full examination of the prob- 
lems of their genesis may now be made. 


The discovery of additional magnetite de- 
posits within the Tungusska syneclise, which 
occupies more than a million square kilome- 
ters of the Siberian platform, will depend to 
a considerable extent on the correctness of 
our conceptions of their genesis. 


1. A BRIEF REVIEW OF THE IDEAS 
REGARDING THE GENESIS OF 
THE MAGNESIFEROUS MAGNETITE 
DEPOSITS IN THE TUNGUSSKA SYNECLISE 
ON THE SIBERIAN PLATFORM 


The earliest concept of the conditions lead- 
ing to the formation of the magnetite deposits 
was formulated by K.I. Bogdanovich [2], who 
in 1894 visited the Priangara group of deposits 
belonging to the former Nikolayev Works. 


He assigned these deposits to the category 
of vein deposits formed "hydrochemically"; 
this was confirmed by the "ribbon-like struc- 
ture of the veins, the frequent formation of 
botryoidal structures on the contact surfaces 
of individual veins, and the typical selvages." 
The host rocks, in his opinion, are tuffs and 
tuff breccias, and the formation of the depos- 
its is associated with one of the concluding 
phases in the eruptive activity of the traprock 
magma. K.I. Bogdanovich notes the physical 
association of the deposits in space with the 
volcanic canals that follow the lines of faults. 
In 1895 P.K. Yavorvskiy examined the Dolo- 
nov and Krasnoyarsk deposits and determined 
that the ore "is a traprock, quite rich in 
magnetite, which takes the form of veins cut- 
ting across a fine-grained rock similar to 
tuff, and does not properly deserve to be 
called an ore."' In 1917 B.N. Artemyev made 
some investigations in the area of the Ireyek- 
Kas'yanov deposits and noticed the connection 
of the Angara-Ilim type deposits with locali- 
ties in which the Cambro-Silurian red beds 
have been broken through by extrusive and 
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aphanitic varieties of traprock; he associated 
their formation with faulting. The ore veins 
are associated with tuffs and breccias that 
are usually zeolitized and chloritized. 


In 1920, on the orders of the Committee 
on Geology, S.A. Doktorovich-Grebnitskiy 
studied four deposits located near the Niko- 
layev works. He noted "the occurrence of 
part of the veins in sedimentary rocks” and 
confirmed the genetic connection of the de- 
posits with the traprock; in addition, he con- 
sidered that the source of the iron was not 
the traprock immediately enclosing the depos- 
its, but the more deep-seated magma cham- 
bers that produced the traprock. The iron, in 
his opinion, was transported by ''pneumato- 
hydrogenic agents’’ and the ores are ‘typically 
epigenetic." 


It should be mentioned that S.A. Doktoro- 
vich-Grebnitskiy denied the presence of tuff- 
aceous rock in the deposits and considered it 
instead to be crushed traprock. 


In 1930 F.M. Gavrilov began to make a 
systematic geologic survey of the Angara-lIlim 
district; at the same time geologic explora- 
tion, prospecting and magnetic surveys were 
undertaken by the Institute staff under the 
direction of Ye. Ye. Gudkin. S.S. Smirnov, 
who was in the area in 1931 and 1932, touched 
in his articles on the genetic peculiarities of 
these deposits. $.S. Smirnov's main ideas on 
the problems of genesis are as follows [14]. 


"The geochemistry of the iron ores of 
these deposits indicates their connection with 
basic magmas rather than acidic." Actually, 
"one may speak of a considerable addition 
during the formation of the deposits of such 
elements and compounds as Fe, Ca, Mg, 
H20, CO2, P(Cl, F). This list corresponds 
much more closely to basic magmas than to 
acidic. The formation of magnesioferrite 
testifies to their association with basic rocks." 
In discussing the paragenetic associations of 
the minerals, S.S. Smirnov notes four suc- 
cessive stages in their formation: 


1. An early stage (pneumatolytic) -- spe- 
cifically silicate; metasomatism of the host 
rock leads to the formation of grossularite, 
diopside, part of the calcite and magnetite. 


2. A middle stage (thermal A) -- specific- 
ally ore; calcite, magnetite, ophiolite (serpen- 
tine), chlorite and apatite are formed; vein- 
like bodies containing magnetite appear. 


3. A late stage (thermal B) -- specifically 


calcite-chlorite and calcite. 


4. A very late stage (thermal C) -- spe- 
cifically siliceous ("“amathystine"'). 


In 1931 in the Ilimpey River district V. 
Sobolev [16] discovered three deposits of 
magnesiferous magnetite. In describing the 
genesis of these deposits, he said that they 
are high-temperature formations at the bou 
ary of the pheumatolytic phase and associat 
with traprock (basaltic) magma. 


In 1934 N.P. Anikeyev and V.P. Zorin 
published a paper based on the results of t 
geologic explorations of 1930 - 1933 arounc 
certain deposits of the Angara-Ilim district 
In a monograph published in 1936 [1] N.P. 
Anikeyev devoted special sections to questic 
of: 1) the successive stages in mineral for 
tion, 2) the nature of the mineralization, 3 
the shape of the deposits and the nature of 
the canal that fed them, 4) the genetic ass« 
ciation of the deposits with the traprock an 
5) the overall genesis of the deposits. N.P. 
Anikeyev's basic ideas are cited below. 


In discussing the successive stages of 
mineral formation, the author adopts the 
main features of S.A. Doktorovich-Grebnit- 
skiy's scheme and also distinguishes four 
phases of mineralization: 1) granitization ar 
pyroxenization, 2) serpentinization and calc 
fication, 3) mineralization of ore minerals 
and calcification, and 4) calcification and 
silification. 


In opposition to S.A. Doktorovich-Grebni 
skiy's views, N.P. Anikeyev states that the 
third and fourth phases, in addition to the 
processes of crustification, was accompani¢ 
by metasomatism. In his scheme of the sux 
cession of mineralizing processes he includ 
apatite and hematite not mentioned by S.A. 
Doktorovich-Grebnitskiy. 


As regards S.S. Smirnov's opinions, N. 
Anikeyev disputes the basis for distinguishi 
the first, pneumatolytic stage by saying tha 
"the processes of granitization and pyroxen 
zation are no different in principle from th 
other stages of mineralization."’ In his sec 
tion on ''The Nature of the Mineralization” 
points out the intensity of the mineralizatio 
process and the considerable degree of met 
morphism surrounding the veins. In touchi 
on the effect of the host-rock composition, 
he says that "the nature of the wall rocks 
plays a determining role in relation to bott 
the types of metamorphosed rocks and the 
shapes of the ore bodies." In the process 
mineralization, N.P. Anikeyev establishes + 
calcite was introduced first and iron later. 
"One cannot be entirely certain that the mé 
nesium was introduced during the course o 
the ore-forming processes." 


In his section on ''The Shapes of the De 
posits and the Nature of the Feeding Canal 
the author says that "the veins of the Anga 


jim deposits belong to the category of com- 
lex veins. The overwhelming majority of 
he veins has a steep (70° to 80°) dip." 


| In regard to the ore-feeding canal, he 
fays: "Evidently there were no open fissures. 
... The magmatic solutions gradually created 
juitable channels in places where the rock 
ras weak or even, perhaps, in incipient 
fissures; these were subsequently fixed by 
he formation of veins.'' The depth of the 
‘eins will depend on the depth of the magma 
{hamber that fed them. 


it 


After examining the question of the de- 
vosits' genetic connection with the traprock, 


yf granitic magmas, are a unique type of 
vein deposit genetically associated with basic 
yaagma" [1]. This conclusion is supported by 
jhe small part played by SiO? and the total 
ibsence of K, Na, Li, B, etc. 


| -N.P. Anikeyev writes: "Some of the in- 
vestigators assume that the mineralizing agent 
the traprock magma may have originated 
tIsewhere, and not as a result of the differ- 
entiation of the basic magma" (B.N. Rozhkov). 
nd farther on, without reference to the 
uthor, he states: ''The suggestion has been 
ade that the traprock magma assimilated 
stocks of salt associated with Cambrian de- 
Yosits."" In regard to the overall genesis of 
‘he deposits he says: ''The initial stages in 
the origin of the Angara-Ilim deposits is, in 
ur opinion, associated with the second stage 
of magmatic activity that produced the Siberian 
‘raprock; in the more northern areas this 
ook the form of young cross-cutting intru- 
sions.'’ Moreover, N.P. Anikeyev does not 
describe tuffs or tuff breccias in any of the 
leposits, thus denying that they played any 
Yart in the formation of the deposits. 


After the publication of N.P. Anikeyev's 
Monograph more than twenty years passed, 
during which time only a few articles were 
Jevoted to the genesis of the Angara-Ilim 
deposits, and these merely touched on certain 
aspects of the problem. 


In 1952 A.N. Zavaritskiy considered the 
possible origin of the oolitic ore deposits. 
The present author's article [11], and his 
article in collaboration with I.I. Chuprynina 
on "Magnesiferous Magnetites as Indices of 
the Depth of Mineralization" [12], also took 
up this question. In a short article by M.K. 
Kosygin and G.V. Roslyakov [5] on the struc- 
ture and genesis of the Angara-Ilim deposits, 
an attempt was made to establish that ''the 
ore bodies are connected both physically and 
yenetically to the volcanic funnels and pipes, 3 
although the diagram given by the authors 
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themselves (their Fig, 1) shows that the ore 
veins are 800 to 1,000 m away from the 
pipes. In their conclusion, the authors state 
that the formation of the deposits "took place 
within the mouths of the volcanic pipes." 


An article by P. Ye. Offman on "The 
Volcanic Pipes of the Southern Part of the 
Siberian Platform and the Origin of the Iron 
Ores Associated with them" [9] considers 
only certain questions regarding the geologic 
position of the ore segregations; the problem 
of their genesis is not discussed at all. 


Finally, the genesis of the magnetite ores 
is also considered in certain unpublished 
papers on the individual deposits of the 
Angara-llim district (reports by A.T. Suslov, 
1952; N.V. Pavlov, 1953; G.V. Roslyakov, 
1954; I.N. Chirkov, 1953). 


2. SOME QUESTIONS INVOLVED IN SOLVING 
THE PROBLEM OF THE GENESIS OF THE 
MAGNESIFEROUS MAGNETITE DEPOSITS 


Both the evaluation of prospects for further 
exploitation and the discovery of new deposits 
of similar origin depend considerably on the 
correctness of the solution to the problem of 
the genesis of a given deposit. In the case of 
endogenetic deposits, a proper understanding 
of the combination of conditions governing the 
formation of deposits of one genetic type or 
another makes it possible to predict the be- 
havior of the deposit at depth, to find the 
so-called "blind '"' ore bodies of the deposit, 
and to specify the basic criteria in prospect- 
ing for new deposits. 


S.S. Smirnov, in considering the genesis 
of the Angara-Ilim deposits, noted the fol- 
lowing four questions the answers to which 
would enable one to determine the conditions 
of their formation: 1) the source of the mate- 
rial making up the deposit, 2) the means by 
which this material was introduced, 3) the 
circumstances governing ore formation in the 
given deposit and determining the composition, 
the structure and texture, the occurrence of 
the ore bodies and their shapes and sizes, 
and 4) the alterations in the deposit after its 
formation. 


S.S. Smirnov stated that "the first two 
questions may be answered in general only 
on the basis of regional geologic and min- 
eralogic studies of the district" [14]; these 
have so far still not been undertaken. 


During the past decade our knowledge of 
both the regional geology and of the magmatic 
activity that produced the traprock in the 
iron-ore districts has been greatly increased, 
so that it has already become possible to 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


make at least a partial examination of the 
first two questions involved in the genesis of 
the magnetite deposits, as posed by S.S. 
Smirnov. 


In order to throw light on the questions of 
the source of the material making up the de- 
posit and of the means by which the ores 
were introduced, one must examine the struc- 
tural and geologic features of the magnetite 
deposits within the Tungusska syneclise, the 
area containing the deposits in question and 
the rocks composing the traprock formations. 
Moreover, one must study the various phases 
of the igneous activity and the composition of 
the rocks in the traprock series. As regards 
the third and fourth questions posed by S.S. 
Smirnov, -- specifically, how was the ore 
material deposited in the locality and what 
alterations did the deposit undergo after its 
formation? -- the answers to these may be 
obtained from a detailed study of the deposits 
themselves, although for these questions too 
certain new data have been obtained which 
make it possible to suggest certain ideas. 


3. THE STRUCTURE OF THE TUNGUSSKA 
SYNCLISE AND THE IRON-ORE DISTRICTS 


As a result of the systematic geologic 
mapping of the Siberian platform, our con- 
cepts of its structure have been broadened 
considerably. A diagram of the tectonic sub- 
divisions of the Siberian platform has been 
drawn on a geologic map to the scale of 
1:1,500,000 (by T.N. Spizharskiy, [18]). 
This diagram (Fig. 1) shows a number of 
areas of different structures, one of the 
greatest of which, with the specific features 
of its formation, is the Tungusska syneclise, 
with an area of more than one million km~%. 


Up to the present time this territory has 
been found to contain four iron-ore districts, 
taking the form of magnetite deposits asso- 
ciated with the igneous activity that produced 
the traprock formations; these are the Angara- 
Ilim district, the Tungusska iron-ore field, 
and the districts of the lower reaches of the 
Podkamennaya Tungusska River and of the 
upper reaches of the Bakhta and the Ilimpey 
Rivers. In addition to these principal dis- 
tricts, magnetite formation is known to have 
taken place in a number of other localities 
of the Tungusska syneclise (on the Nepa and 
Chunya Rivers and other places). 


It is well known that the Tungusska syne- 
clise is surrounded by the following major 
geologic and tectonic structural areas: to the 
south and southeast lies the Pribaykal-Saya 
frontal flexure, to the east the Vilyuy and 
Olenek syneclises and the Anabar anteclise, 
to the north the Pritaymyr and to the west 


the Priyenisey frontal flexures, and, finally,} 
to the southwest the Angara folded zone thatf 
separates the Taseyev syneclise from the 
Tungusska. The Tungusska syneclise is sep ; 
rated from the above structures by zones off 
large tectonic faults in the basement of the 
Siberian platform. The above-enumerated 

structures of the first order that surround 
the Tungusska syneclise are of various ages 
The formation of the Tungusska syneclise | 
itself ended in the Triassic; it is made up cK 
sedimentary deposits of the Cambrian, Ordop 
vician, Silurian, Lower Carboniferous and | 
Permian periods and of vulcanogenic rocks c& 
the Triassic. All these strata are cut throug 
by numerous intrusive bodies of traprock. | 


One of the characteristic features in the | 
facies of the Tungusska syneclise is the wide 
spread distribution of Permian continental 
deposits and rocks belonging to the vulcano- 
genic and intrusive traprock complex of the 
Upper Permian and Lower Triassic. na | 
number of places, however, these formation 
extend beyond the limits of the syneclise. 


In order to understand the structural 
peculiarities of the endogenetic magnetite 
deposits in the Tungusska syneclise, it is 
very important to study the elements of its 
internal structure. According to I.Il. Krasnof 
and V.L. Masaytis (1955), the tectonic stru 
ture of the syneclise may be sketched as in} 
Figure 2.! 


Three regional zones can be clearly seen 
on the borders of the cyneclise: these involw 
the faults, brecciation and intensive igneous } 
activity which, in the upper structural stagek 
of the platform, are associated with move- 
ments en bloc of the Precambrian crystalling 
basement. These zones are the following: 


The Angara-Katanga (according to T.N. | 
Spizharskiy, the Angara-Noril'sk)? zone that 
borders the syneclise on the southwest, the 
Angara-Vilyuy zone on the southeast border 
and the Vilyuy-Kotuy zone on the northeaste 
edge. The last of these will not be describe 
since iron ore has yet to be discovered ther 


The Angara-Noril'sk zone runs from the 
villages of Bratsk and Zayarsk on the Angar 
River in a narrow belt northwestward to the 
Chadobets uplift and beyond to the Podkame 
naya Tungusska district, somewhat to the 
west of the village of Baykit on the Podkam 
naya Tungusska River. Farther on, it pass 


‘This discussion is confined to the two princi 
pal structural zones with which the endogeneti 
iron ores are associated 


2 : : 
The name Angara-Noril'sk is more correct. 


N. V. PAVLOV 
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Fig. 2. Sketch-map showing the locations of 
the zones of faults and intensive igneous 
activity along the edges of the Tungusska 

syneclise (after 1.1. Krasnov 
and V.L. Masaytis) 


] -- areas of Lower and Middle Paleozoic 
deposits mantling the platform; 2 -- areas of 
Precambrian folding along the edges of the 
platform and its crystalline basement; 3 -- 
zones of faulting, brecciation, intensive ig- 
neous activity and magnetic anomalies; 4 -- 
diagrammatic contours showing the distribu- 
tion of the Tungusska complex of deposits; 


5 -- iron-ore areas: A -- Tungusska iron ore 
field, B -- Bakhta and Podkamennaya Tungusska 
River areas, C -- Angara-Ilim area, D -- 


llimpey River area. 


passes the upper reaches of the Bakhta River 
to the lower reaches of the Lower Tungusska 
River, the Kureyka River and into the No- 
ril'sk district. The width of this zone varies 
from 50 to 150 km; there are branches ex- 
tending from both sides. Positive magnetic 
anomalies have been marked in many places, 
along with the discovery of magnetite ore 
formation. The anomalies and the mineraliz- 
ation are both connected with the faults. 


The Angara-Vilyuy zone runs from the 
vicinity of the village of Tulun in the north- 
east to the Angara River (Bratsk -- Zayarsk) 
and beyond to the [lim River basin and the 
middle reaches of the Greater Yerema River 
(the left tributary on the upper reaches of 
the Lower Tungusska). The zone also extends 


farther into the district of the village of 
Yerbogachen and the Akhtaranga River basil 
Like the Angara-Noril'sk zone, this zone he 
a number of branches, one of which moves 
outward along the meridian from the area o 
the Greater and Lesser Yerema Rivers nor 
ward into the Ilimpey River area. The widt 
of this zone also varies from 50 to 150 km 
The Angara-Ilim iron-ore district is locate: 
at the interséction of these two major zones 
so that the geologic and structural characte 
istics of this and other iron-ore districts 
differ in a number of respects. 


Below, from the example of the four ore 
districts, an attempt will be made to show 
the localization of the ore formation in rela 
tion to the connection of the ore fields and 
individual deposits with one part or another 
of the two zones described above. | 


4. THE POSITIONS OF THE ORE DISTRICT 
WITHIN THE TUNGUSSKA SYNECLISE 
AND THE RELATIONSHIP BETWEEN 
THE MINERALIZATION AND THE 
LOCAL TECTONIC ZONES 


A. The Tungusska iron-ore field. The 
magnetite deposits of the Tungusska iron-o 
field are located in the northwestern part 
the Angara-Noril'sk zone and connected to 
the eastern flank of the anticlinal structure 
that borders the Tungusska syneclise (Figs. 
2 and 3). The rocks composing the eastern 
flank of the anticline dip NE 35° to 65° at 
angles of 35° to 45°. The part that contain 
the magnetite deposits, the mineralization 
and the magnetic anomalies is about 150 
long and 5 to 10 km wide. Deposits and 
occurrences of ore have been found in a bi 
running between the Kureyka and the Letna 
Rivers. North of the Kureyka and south of | 
the Letnyaya, however, the ore-bearing ea 
continues onward and has been traced furtt 
by magnetic measurements, although these 
areas have not yet been prospected (Fig. 3] 


The main ore-bearing zone of the Kurey 
Severnaya-Letnyaya Rivers is composed of | 
Paleozoic carbonate and terrigenous rocks. | 
The formation of the structure of the ore- | 
bearing zone is attributed to the end of the! 
Permian and beginning of the Triassic. In | 
addition to folded dislocations, the locality | 
contains many steeply-dipping fractures -- 


‘P. Ye. Offman in his paper on The Structu 
of the Central Part of the Siberian Platform 
presents a more complex scheme for the str 
ture of the Tungusska syneclise; in respect t 
the two zones with which the mineralization i 
associated, however, this scheme coincides 
with the one adopted in this article. 
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4deposits (compiled by N.V. Pavlov from data 
| by V.N. Yegorov and A.G. Shpil'ko) 


ji 1 -- Permian; 2 -- Carboniferous; 3 -- 
jvonian,; 4 -- Upper Silurian, 5 -- Lower Silur- 
4); 6 -- Cambrian; 7 -- gabbros and diabases; 


a= gabbros and diabases altered to amphibole, 
j= magnetic anomalies associated with ores. 


| 


sults, normal and reverse, the latest of 
lich was formed during the Early Triassic. 
ithin the ore-bearing zone is an extensive 
; ‘velopment of the rocks of the traprock 
weries; they include sills intruded conform- 
jy with the bedding, dikes of amphibolized 
ad Olivine gabbro-diabases and thin veins of 
abase porphyry. The sills and dikes vary 


| 
‘eatly in thickness, from 25 to 300 m. 


l 
! 
j 
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These igneous bodies are located both through- 
out the fault zones and in the adjacent weak- 
ened zones along the bedding of the sediment- 
ary rocks. 


The amphibolized gabbro-diabases in the 
traprock series are older, the time of their 
intrusion being before the Triassic. This is 
confirmed by the presence of fragments of 
these rocks in the tuffaceous series that crops 
out east of the ore-bearing belt. The olivine 
and non-olivine gabbro-diabases were intruded 
in the Early Triassic. Examination of the 
geologic structure of individual parts of the 
deposits and the conditions governing the 
localization of the magnetite ores shows that 
the shapes of the ore formations fall into 
three groups: 


a) ore bodies in the form of conform- 
able vein-like and lenticular accumulations 
located in the limestones of the hanging walls 
of the amphibolized gabbro-diabase sills; 


b) ore bodies that cut across the bed- 
ding of the sedimentary rocks and are located 
in the contact zones between the dikes of 
cataclastic and amphibolized gabbro-diabases 
and the limestones; these two types of geo- 
logic conditions characterizing the localization 
of the ores predominate in the ore-bearing 
zones; the peculiar feature is their physical 
connection with the amphibolized gabbro- 
diabases, which are much the earliest of 
the traprock bodies. 


c) vein-like bodies, veins and stock- 
work segregations of magnetite ore within 
zones of tectonic fractures that cut through 
the conformable and cross-cutting bodies of 
olivine gabbro-diabases; this type of mineral 
localization is thus far known only at a few 
points along the Kureyka River. 


It should be noted that the magnetite ore 
bodies are in weakened zones; their strikes 
and dips agree with those of the tectonic 
zones along which the magma that formed the 
amphibolized gabbro-diabase bodies penetrated 
up to the time of mineralization. This strict 
association of the mineralization with the 
hanging wall of such traprock bodies is a 
typical feature of the Tungusska iron-ore field 
in the Angara-Noril'sk zone. 


B. The second iron-ore field, in which 
very little prospecting work has yet been 
done, lies in the middle of the Angara- 
Noril'sk zone and occupies the upper reaches 
of the Bakhta River and the lower and middle 
reaches of the Podkamennaya Tungusska 
River. Most probably the zone in this locality 
has several branches and a more complicated 
structure than that shown in Figure 2. 


The Bakhta-Podkamennaya Tungusska 
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iron-ore district is known to contain more 
than ten deposits and ore occurrences, al- 
though these deposits are dispersed and not 
associated with any one clearly defined struc- 


ture, as in the preceding case. The character- 


istic feature of this district is the combina- 
tion of relatively weak folded dislocations of 
Paleozoic and overlying rocks with a very 
large number of faults, to which the abundant 
traprock bodies are connected. The typical 
forms taken by the traprock are, besides 
dikes, multiple-layered sills connected by 
small dikes. 


The bodies of traprock vary in composition, 
including both undifferentiated olivine gabbro- 
diabases (dolerites) and noticeably differenti - 
ated olivine and non-olivine gabbro-diabases. 


The undifferentiated gabbro-diabases are 
surrounded by thin contact-metamorphic aure- 
oles, several meters wide, which take the 
form of marble in the limestones and hornfels 
in the clay and marl rocks. No visible phys- 
ical connection between the magnetite miner- 
alization and the undifferentiated traprock is 
known. The differentiated gabbro-diabases 
contain schlieren and banded segregations of 
quartz and quartzless gabbro-diorite. The 
host rocks surrounding these bodies of trap- 
rock were subjected to extensive contact 
metamorphism, the thickness of the band of 
altered rock sometimes reaching 100 m. The 
contact mineralization is represented by gar- 
net, pyroxene, epidote, chlorite, magnetite 
and various sulfides. The known accumula- 
tions of magnetite ores of industrial. signifi- 
cance are associated primarily with the 
bodies of differentiated traprock. The miner- 
alization is localized in zones of faulting that 
have been filled up by differentiated traprock, 
as well as in the accompanying zones of 
weakened rock parallel to the sedimentary 
bedding, along which the basic magma and 
hydrothermal solutions (including the ore- 
bearing ones) traveled at various stratigraphic 
levels (Figs. 4, 5). 


Along the upper reaches of the Bakhta 
River and in the vicinity of the Krivlyaka 
survey mark along the Podkamennaya Tun- 
gusska River, there are known to be ore 
occurrences and deposits of magnetite ores 
that are physically closely associated with 
pipe-shaped bodies filled with tuffs. 


The occurrence of ores here is associated 
with the volcanic pipes only physically; the 
ore bodies are associated in time with the 
later fault zones, as in the Angara-Ilim 
district. The principal Angara-Katanga zone 
was most likely intersected in these areas 
by secondary zones running in other direc- 
tions. 


C. The Angara-llim iron-ore district lies 
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Fig. 4. Block-diagram of the Kamyshev Baykitik 
ore deposit area. 

] -- magnetite ores; 2 -- assumed zone of 
magnetite mineralization; 3 -- differentiated 
gabbros and dolerites; 4 -- clay and limestone 
deposits 03, 5 -- algal limestones 0,2, 6 -- 
faults: left - pre-traprock, right - pose cial 
rock. 


on the intersection of two zones, the Angara 
Noril'sk and the Angara-Vilyuy, each of 
which is more than 100 km wide at this poi 
Thus all the individual deposits have their 
own structural peculiarities. Fifteen deposit 
some of which have been quite thoroughly 
prospected, are known in this iron-ore 
district. 


The structure of the Angara-Ilim district 
is made up of Upper Cambrian, Ordovician | 
and Lower Silurian sediments and of tuffa- 
ceous and extrusive rocks of the Permian- 
Triassic traprock formation. In addition, 
Mesozoic (Jurassic) continental deposits have 
been encountered within the Angara-Vilyuy 
zone. This area is characterized by a gen- 
erally very gentle northward dip of the sedi: 
mentary rocks, although narrow anticlinal 
structures are also known here. There are | 
extensive faults with a northwestward strike 
the area is also typified by volcanic pipes 
and intrusions of traprock in the form of 
sills and dikes of olivine and non-olivine 
gabbro-diabases of varying thicknesses. 


| 


In contrast to the iron-ore districts de- 
scribed above, the Angara-Ilim district alo 
the southern and southeastern edges of the 
Tungus syneclise was tectonically mobile fo 
a greater length of time. This is confirmed 
by the finding of a Mesozoic downward flex- 
ure containing continental deposits of the 
Lower and Middle Jurassic. 


The intersection of the two regional fault 
zones in the Precambrian basement and the 
above-mentioned higher mobility of the area 
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magnetite; 12 -- magnetite. 


are the reasons for the existence of volcanic 
ipes and faults in the upper structural level 
of the platform. In addition, a close connec- 
tion has been noted in most of the deposits 

ibetween the volcanic pipes and zones of tec- 


p 


i} 
iItonic faults filled by traprock bodies and the 
fmagnetite segregations accompanied by broad 
aureoles of skarn-like rock. It must be noted, 
however, that the formation of the magnetite 
ores is not directly connected genetically with 
the formation of the volcanic pipes. This has 
een confirmed by factual data from a num- 
ber of prospected deposits. 


Oval or irregularly round volcanic pipes 
ranging in diameter from several score to 
1,000 m cut across the later traprock dikes. 
‘The magnetite ore bodies, in the form of 
‘veins of various thicknesses (from several 
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Fig. 5. Diagrammatic geologic map of the Chernaya River magnetite deposit 
(from data by V. P. Lisyuk) 

] -- traprock; 2 -- Kochumdek suite, limestones; 3 -- Columnar suite, aleurolites, 
sandstones and clay shales with limestone interbeds; 4 -- Baykitik suite, quartz sand 
stones; 5 -- Chunya suite, odlitic limestones, aleurolites and sandstones; 7 -- magne- 
tite ore; 8 -- tectonic faults; 9 -- prospecting pits; 10 -- outcrops; 11 -- limestone 


altered to skarn and light gray limestone altered to marble, with disseminations of 


meters to 20 m) cut both the traprock and 
the Paleozoic sedimentary rocks that contain 
the volcanic. pipes. Such interrelationships 
between the ores and the surrounding rocks 
have been observed in a number of depsoits -- 
the Kezhem, Rudnogora, Dolonov, Korshunov 
and others. Considerable masses of ore, 
however, are contained in the rocks that fill 
up the volcanic pipe formations (Figs. 6, 7). 


These interrelationships are evidently due 
to the fact that the pipes, which are filled 
with pyroclastic material, descend to great 
depths and the succeeding tectonic faults 
have produced weakened zones and belts in 
these bodies which were especially favorable 
to the passage of the ore-bearing solutions. 
The trend of the ore bodies is the same as 
the general trend of the faults in the district, 
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Fig. 6. Geologic map of the Rudnogorsk deposit 
(compiled by G. V. Roslyakov) 
1 -- veins of magnetite; 2 -- metasomatic ores; 3 -- tufas and skarns; 


4 -- marls and argillites O57 5 -- dolomites ten 6 -- sandstones - S$); 7 -- 


traprock; 8 -- sands Q. 
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Fig. 7. Krasnoyarsk deposit (Angara-!lim area), diagrammatic geologic section along 
prospecting line 5. 

] -- magnetite ore veins, a - assumed continuation at depth; 2 -- gabbro and diabase 
beds and veins; 3 -- tuffites and tuffaceous breccias; 4 -- argillites and marl-clays; 5 -- 
uneven-grained sandstones, gray and light yellow; 6 -- disseminated mineralization; 7 -- 
red argillites; 8 -- tectonic faults antedating the ore formation; 9 -- sand and clay rocks. 


and also corresponds to the trend of the two 
regional zones of deep-seated faults in the 
crystalline basement. 


D. The Ilimpey iron-ore district lies in 
the meridional branch that emerges from the 
Angara-Vilyuy regional fault zone and runs 
from the Yerema River area northward past 
the Teteya River into the Ilimpey River area. 
The width of this branch is more than 100 
km. 


This iron-ore district has thus far been 
little studied, and no prospecting for depos- 
its has been done. The Ilimpey River dis- 
trict is known to contain up to ten points at 
which magnetite ore veins crop out; these 
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| 
are located in an area of Permian and Triassic | 
tuffs and tuffites whose thickness reaches 300 
to 400 m. The tuffaceous rock is cut through 
by comparatively thin (from 5 to 50 m) dikes 
and sills of olivine gabbro-diabase. 


The ore veins that crop out on the sur- 
face, whose thickness is from 0.5 to 0.4 m 
and whose visible length is up to 500 m, 
are associated with zones of crushed tuffs 
from 50 to 150 m wide. In contrast to the 
unshattered tuffs, which have a coarse hori- 
zontal bedding, there is no bedding in these 
zones and the rocks are altered and contain 
steeply dipping joints. The zones have dif- 
ferent strikes, primarily northeast and north: 
west (Fig. 8). 
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Fig. 8. Geologic map of the area near the 
mouth of the Bereyapchan River containing 
Outcrops of magnetite veins. 


1 -- sand deposits of the Limpte River 


bottom; 2 -- terrace deposits of the Limpte 
River; 3 -- magnetite veins; 4 -- diabas- 
veins; 5 -- broken up and faulted tuffs and 


tuffaceous breccias. 


A peculiarity of the ore bodies of this 
district is that the zones of alteration of the 
tuffs around the ore veins are very weak, 
and not characterized by high-temperature 
mineralization (garnets and pyroxene are 
rare). These deposits, moreover, are the 
closest to the surface of all the formations 
known within the Tungusska syneclise, as 
shown by the position of the ores in the 
stratigraphic section. The composition of 
the ore-forming magnesiferous magnetite 
includes a high content of MgFe2O04 mole- 
cules (up to 80 percent), whereas the ac- 
companying gangue minerals (chlorite, cal- 
cite, quartz) are low-temperature associa- 
tions. 


Thus a common characteristic feature of 
_the majority of deposits in the iron-ore dis- 


association of the mineralization with the 
faults that preceded the mineralization. 


5. THE SUCCESSIVE STAGES OF 
VULCANISM, THE COMPOSITION 
OF THE IGNEOUS ROCKS AND THE 
FORMATION OF THE MAGNESIFEROUS 
MAGNETITE ORES 


The igneous rocks within the territory of 
' the Tungusska syneclise are associated with 
volcanic activity in the Late Paleozoic and 

| Early Mesozoic. 


| Investigations made in recent years have 
shown that the scheme of volcanic activity 


tricts of the Tungusska syneclise is the close 
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suggested by S.V. Obruchev (1932 - 1933) and 
later adopted by V.S. Sobolev (17) must be 
reexamined in the light of new data. This 
scheme, as is known, included the following 
succession of phases of vulcanism: first a 
tuff phase (C3 - Pj), then a phase of lava 
flows (Pg - Tj) and, finally, an intrusive 
phase (Tj). 


More recently M.M. Odintsov [8], A.P. 
Lebedev [6], M.L. Lurye and S.V. Obruchev 
[7], and V.A. Vakar [3] have suggested new 
successive phases of volcanic activity. With- 
out stopping to criticize these suggestions, it 
will merely be said that all these investi- 
gators distinguish several extrusive and 
intrusive phases whose ages have been deter - 
mined as Later Carboniferous to Early Juras- 
sic inclusive. 


The latest data on volcanic activity in the 


Tungusska syneclise suggest a succession of 
phases such as the following: 


A. Later Carboniferous - Early Permian 


Tuffs and tuffaceous rocks of doleritic 
composition, at the bottom of the ore-bearing 
series. (Angara-Ilim district, Podkamennaya 
and Lower Tungusska). 


Basalt lava blankets among the deposits of 
the Late Carboniferous (Noril'sk district). 


Intrusive bodies (sills and dikes) of gabbro- 
diabase with clear traces of cataclism and 
metamorphism, Fragments of these rocks 
are contained in the tuff breccias of the 
tuffaceous suite (in the area of the lower 
reaches of the Kureyka River and of the 
Severnaya and Letnyaya Rivers). The occur- 
rence of this phase of igneous activity within 
the Tungusska syneclise is extremely irregu- 
lar, as a result of the various amplitudes of 
the vertical movements of its individual 
parts. This stage of vulcanism as a whole 
coincides with the time at which the platform 
began to move from its relatively elevated 
position into subsidence. 


B. Late Permian - Early Triassic 


Formation of tuffs over an extensive area 
of the syneclise, during a period of the 
most intensive ruptures and explosions. This 
phase was accompanied by the intrusion of 
an enormous amount of sills and dolerite 
dikes. The tuff and intrusive phase of vulcan- 
ism began at the same time as the intensive 
subsidence of the area of the syneclise. 
Because of the subsidence, open fractures 
could not form in the upper layers of the 
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earth's crust, and the magma could thus 
emerge at the surface only through pipes 
created by explosions [7]. Hypabyssal. intru- 
sive bodies were formed below. 


C. End of the Early and, Beginning 
of the Middle Triassic 


Extrusion of basaltic lavas from fissures 
and volcanos. The composition of the lavas 
in certain cases changed toward alkaline 
basalts and picrites. Tectonically this phase 
coincided with the uplift of the northern and 
northwestern parts of the syneclise and with 
the formation of fissures in the upper layers 
of the earth's crust that communicated with 
the upper surface. The whole southern and 
southeastern part of the syneclise was sub- 
siding tectonically at this stage, so that 
there could be no extrusions of basalt on the 
surface. Possibly, in view of V.A. Vakar's 
material on the oscillatory nature of the lava 
effusions in the north, in the southern half 
of the syneclise at this stage there was an 
intrusive phase, which M.L. Lurye and S.V. 
Obruchev call a 'post-lava intrusive phase 
with three subphases" and date in the Middle 
Triassic to Early Jurassic (?). There are 
still no data on the dates of each of the sub- 
phases; only their relative succession and 
the differences in composition associated 
with them are known. 


The first subphase is represented by sills 
and laccoliths of undifferentiated dolerites 
and doleritic porphyrites, containing few vola- 
tile constituents. 


The second subphase is made up of sills 
and dikes of differentiated gabbro-dolerite, 
and in the north of the syneclise, of intru- 
sions of ultrabasic and alkaline rocks. 


The third subphase is characterized by 
undifferentiated gabbro-dolerites and dolerites; 
the igneous rock bodies are ring-shaped 
ellipses and ovals, and dikes and sills are 
formed as well (around the upper reaches of 
the Lower Tungusska River). 


D. Post-Early Jurassic (7) 


This phase is represented by dikes and 
sills of diabases (dolerites) containing pala- 
gonite, and by intersection bodies (dikes, 
necks) of ataxitic diabase porphyrites; these 
are in the eastern part of the syneclise. 


The above scheme of the succession of 
igneous activity does not contain any phase 
of formation of the kimberlite pipes that are 
located in the areas linking the Tungusska 
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syneclise and the Anabar anteclise, as well 
as in the Tungusska and Vilyuy syneclises. 
The most recent information indicates that 
these were formed after the Early Jurassic. 


There is reason to suppose that the formation | 


of the kimberlite pipes more or less coin- 
cided with the intrusion of the ultrabasic and 
alkaline rocks in the north of the syneclise. 


Thus an examination of the locations of 
the ore districts, the succession of volcanic 
activity and the composition of the igneous 
rocks in the Tungusska syneclise shows that 
the magnetite deposits are associated with 


tectonic fault structures along which intrusive | 


bodies of basic rock were intruded up to the 
time the ore deposits were formed, in addi- 
tion to the formation of the volcanic pipes. 


The magnetite deposits were formed after 
the intrusion and crystallization of the magma 
of a given phase of igneous activity, and have 
no direct genetic connection with the intrusive 


| 
| 
| 
| 
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bodies in the area of the deposits. The close | 


physical connection between the intrusives 
and ore segregations and the common paths 
taken by the magmatic melt and the ore- 
bearing solutions point to a common source 
in a magmatic nucleus or chamber located 
at a certain, probably very great, depth. 
The existence of several stages of volcanic 
activity is an indication that there were 
probably also several stages in the formation 
of the deposits in the syneclise. One can de- 
termine the connection between the magnetite 
ore formation and at least two of the stages 
of vulcanism. The formation of the Tungusska 
iron-ore field magnetite deposits, according 
to the data available, is associated with the 
earliest phase of volcanic activity, in the 


Late Carboniferous and Early Permian. After | 


the formation of the so-called amphibolized 
gabbro-diabases, the ore-bearing solutions 
that precipitated the ores traveled from the 
same magma chamber along the same canals. 


The formation of the magnetite deposits 
in the districts of the Bakhta, Podkamennaya 
Tungusska and [limpey Rivers, and in the 
Angara-llim district, was caused by one of 
the latest phases of volcanic acitivty, at the 
end of the Early and beginning of the Middle 
Triassic. The so-called differentiated gabbro- 
diabases were formed in the Bakhta and Pod- 
kamennaya Tungusska River district the solu- 
tions that deposited the ores traveled from 
the same magma chamber and for the most 
part along the same passages. 


Differentiated traprock has not yet been 
found in the Angara-Ilim and Ilimpey dis- 
tricts; here the ore segregations cut across 
undifferentiated dolerites. Apparently the ore 
formation was produced by solutions that left 
the magma chamber, which lay at a certain 
depth and up to the time of mineralization 
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“produced the bodies of dolerite. The pipes 
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ore deposits were formed. These deep-seated 
fault zones for a long time were mobile and 
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|localized the traprock bodies, the sometimes 


and fault cavities that were filled with doler- 
ite, after being renewed by tectonic move- 
ments, also served as channels for the 
passage of solutions and for the deposition 
of the ores. 


The existence of two different stages in 
the formation of the magnetite ores is also 
shown by the following fact. Along the middle 
reaches of the llimpey River, in the lower 
part of the tuff breccia stratum, together 
with fragments of gabbro-diabases and garnet- 
chlorite rocks are found fragments of mag- 
netite ore from 5 to 15 cm in size. Here 
the tuff breccias are cut through by magne- 
tite veins. the magnetites in the ore frag- 
‘ments and in the veins differ sharply in 
composition. 


As regards the igneous rocks within the 
Tungusska syneclise, the most outstanding 
fact is that all the types thus far known are 
the result of crystallization of almost exclu- 
sively basic magma. 


It must be noted, however, that the dif- 
ferentiated gabbro-dolerites contain more 
acidic varities, whose composition ranges 
all the way to that of quartz-diorites and 
less frequently to alkaline rocks such as 
essexite and analcime diabases (along the 
Bakhta River and its tributaries). These 
rocks, however, are not at all widespread. 


Ultrabasic and alkaline rocks are known 


to occur in the north of the syneclise; there 


are no granitoid rocks in this area. 


Thus S.S. Smirnov's questions -- what is 


)the source of the material making up the 
' deposits, and by what passages was this 


material conveyed? -- may be answered as 
follows: the source of material in the mag- 
netite ore deposits was the ore-bearing 
solutions that were separated at definite 
stages from the deep-seated basaltic magma 
chambers whose magma, up to the formation 
of the ore deposits, produced the traprock 
bodies in the upper structural level of the 
platform. So far two stages separated in 


itime have been established with certainty in 


the segregation of the metalliferous solutions. 


The passages by which the ore-bearing 
solutions traveled were those fault zones 
along which the basaltic magma that pro- 
duced the traprock penetrated the upper 
structural level of the platform, until the 


‘repeatedly renewed. In such zones were 


explosive volcanic pipes (necks) filled with 


|tuffs and other rocks from the basaltic 
|magma, and the bodies of magnetite ore. 
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Besides the close physical connection 
mentioned above between the zones of miner- 
alization and the dike and sill traprock 
series, the association of the ores with the 
basic magma is also suggested by the contact 
mineralization around the traprock bodies. 
This mineralization is completely similar to 
that of the ore deposits under consideration 
(garnet-diopside and chlorite-calcite mineral- 
ization on the Ilimpey and Podkamennaya 
Tungusska Rivers, grossularite-vesuvianite 
accumulations on the Akhtaranda River, etc.). 


These are the data obtained from studies 
of the region. 


6. THE PROBLEM OF THE MIGRATION 
OF THE MATERIAL 


S.S. Smirnov [14] and N.P. Anikeyev [1] 
have already discussed the question of the 
migration of the iron-bearing solutions. Their 
well-known opinion is that the iron in the 
magnetite deposits of the skarn type was 
transported as a haloid -- in the form of 
a chloride. $.S. Smirnov writes: "The 
copious amounts of apatite, which as a rule 
everywhere accompanies the magnetite in 
these veins, make it possible to suggest that 
the iron migrated as a haloid, although there 
are serious objections to this idea. Thus the 
suggestion arises that hydrocarbons, in one 
combination or another, may have played a 
large part in facilitating the migration of 
thes inonke 


Without dwelling on the general question 
of the migration of iron in haloid form, the 
present author wishes to call attention to one 
very important fact. Wherever magnetite ore 
formation is known to have taken place there 
are also sources of salt or even deposits of 
halite. In the Tungusska iron-ore field, for 
example, on the Severnaya River (a tributary 
of the Lower Tungusska) there are sources 
from which salt has been mined. Around the 
lower reaches of this river (on the tributary 
below the rapids) there are also sources of 
salt. On the Podkamennaya Tungusska, at 
the mouth of the Rassolka River, is a salt 
works. Among the [lim deposits of the 
Angara-lIlim district there are salt deposits 
near the Shestakovo forest and in other 
places. 


The Lower Cambrian stratigraphy of the 
Tungusska syneclise and the adjoining areas 
shows quite clearly that deposits of evaporite 
and high-salinity basins are widespread 
throughout these areas. 


The area of the lower reaches of the 
Lower Tungusska and Kureyka Rivers, and 
the northeastern part of the Tungusska 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


syneclise in the zone in which it connects 
with the Anabar syneclise, according to 
information from V.V. Manner (1957), are 
known to contain a salt-bearing formation 
of Devonian age. 


From the facts given above.it may be 
assumed that the haloid compounds in the 
iron-bearing solutions may have been created 
by interaction of the basaltic magma and the 
salt deposits. The above-mentioned differ - 
entiated gabbro-dolerites, which include some 
highly alkaline rocks, also suggest the possi- 
bility of processes of xenohybridism. It is 
now becoming more and more clearly estab- 
lished that processes of contamination and 
hybridism were of no small importance in 
the formation of the traprock intrusives [6]. 


7. SOME OTHER PROBLEMS OF GENESIS 


S.S. Smirnov has pointed out that the 
considerable introduction of such elements 
and components as Fe, Ca, Mg, H20, COdg, 
P, (Cl, F) in the formation of the deposits 
corresponds more closely to basic than to 
acidic magmas. N.P. Anikeyev, completely 
dissociating himself from §.S. Smirnov's 
views, noted that the chemistry of the 
Angara-lIlim district deposits differs sharply 
from that of the vein deposits associated 
with granitic magma, since silicic acid plays 
a negligible role in the formation of the 
ores and such elements as K, Na, Li, B and 
certain others are completely absent. A de- 
tailed study of the mineral and elemental 
composition of the ores and the surrounding 
zones of alteration, made by the present 
author in the deposits of all four of the 
iron-ore districts, shows that the following 
elements must be added to the list of those 
recorded in the composition of the ores: 
titanium, vanadium and cobalt. The titanium 
and vanadium form part of the basic ore 
mineral -- magnesiferous magnetite. It is of 
interest to note, for example, that in the 
Kamyshevskiy Baykitik deposits, which are 
of undoubted industrial importance, the con- 
tent of V205 in the magnesiferous magnetite 
is as much as 0.6 percent by weight, and 
that of cobalt in the pyrite as much as 0. 2 
percent. There is no need to show that these 
elements are typical of basic magmas. 


In regard to the third and fourth questions 
posed by S.S. Smirnov -- how was the ma- 
terial deposited at the points where deposits 
now exist (this involves the composition, 
the structure and texture, the occurrence of 
the ores, etc.), and what alterations did the 
deposits undergo? -- the following things 
must be pointed out. 


K.I. Bogdanovich, S.A. Doktorovich- 
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Brebnitskiy, S.S. Smirnov and N.P. Anikeyev 
have already answered these questions quite 
fully in respect to the Angara-Ilim deposits. 
S.S. Smirnov has said that "far more data 

are available to answer the third and fourth 
questions." 


Thus this discussion will be confined to 
certain new, but-peculiar, aspects. 


The following succession has been noted | 
in the paragenesis of minerals in the deposits | 
of the Angara-Ilim district: 


1) garnet (grossularite - andradite) -- | 
diopside, magnetite, apatite; | 
2) magnetite, apatite, serpentine, | 
chlorite, calcite; 


3) calcite, magnetite, hematite, chlorite; | 
4) quartz (amethyst), chalcedony, calcite. 


This paragenesis, with a few exceptions | 
here and there, has been maintained by the 
majority of investigators both in the earlier 
and the more recent periods in which the 
deposits have been studied. It is, in fact, 
supported by a considerable body of factual 
data. 


This scheme, however, is not a universal 
one and cannot be extended to all the iron- 
ore districts of the Tungusska syneclise. 

For example, a number of deposits in the 
second of the ore districts enumerated in 
this article, on the lower reaches of the 
Podkamennaya Tungusska River (the Chernaya 
River, the Khakdasik and other deposits) 
another succession of paragenetic associations } 
has been observed: 


1) magnetite, diopside, basic plagio- 
clase (nos. 45 - 55), apatite, garnet; 


2) actinolite, prehnite, epidote, chlorite,| 
zeolites, calcite. 


In these deposits, as in those of the 
Angara-llim district, there has been extensiv 
metasomatism by infiltration. The odlitic 
limestones have undergone replacement. The | 
magnetite segregated in the earlier stages of 
formation of the ore bodies differs essentially] 
from the magnetite in the Angara Jlim dis- 
trict deposits in the lack of magnesium in 
its composition. The presence of basic 
plagioclase in the ores testifies to the intro- 
duction of sodium. 


It has been said above that the deposits 
around the lower reaches of the Podkamen- 
naya Tungusska and Bakhta Rivers are 
physically connected to the differentiated 
gabbro-dolerites. Within these rocks are 


jones of strongly albitized dolerites in which 
le pyroxenes are partially replaced by more 
\(kaline amphibole. 


The following minerals have been found in 
j1€ composition of the ores in the deposits of 
1e Tungusska ivon-ore field (on the Kureyka, 
jevernaya and Letnyaya Rivers): olivine 
pecurs sporadically), sahlite, garnet, apatite, 
lagnesiferous magnetite (low in MgO), wol- 
istonite, scapolite, actinolite, biotite, chlo- 
ite, serpentine, zeolites, calcite, clinozoi- 
ite, sericite, talc, quartz, chalcedony. The 
¢mestones have undergone metasomatic 
j2placement. 


Two stages have been observed in the 
2position of the ores: 1) olivine, sahlite, 
iarnet, wollastonite, apatite, magnesiferous 
flagnetite; 2) actinolite, biotite, chlorite, 
2rpentine, Zeolites, epidote (clinozoisite), 
Jericite, talc, quartz. 

_ One more group of facts must be taken 
ito account in discussing the mineralization 
and ore deposition. It is known that the 
majority of ore veins and segregations of 
lockade ores and brecciated ores of the 
‘ngara-Llim district have a colloform struc- 
mre; thus there can be no doubt that col- 
jidal ore-bearing solutions played a great 
art in the deposition of the ores. 


| The present author's investigations of the 
»xtures and structures of the ores and their 
jost rocks, and of the paragenetic minerals, 
ave disclosed the following probable succes- 
lion in the evolution of the solutions. The 
igh-temperature stage of mineral formation— 
he segregation of pyroxene, garnet, and 

ptt of the magnetite and calcite — took 
jlace through the interaction of ionic-molecu- 
i true solutions with the host rocks. As 

lie temperature was lowered and open vein 
{haped cavities appeared, new processes of 
tineral formation began. Water, carbon 
jioxide and certain other components, inter - 
icting with the host rocks and the minerals 
fegregated earlier, caused the formation of 
hlorite, serpentine, zeolites, calcite and 
ertain other minerals. In the fissures the 
jolutions became oversaturated, turned into 
olloidal solutions and deposited the ores in 
ne form of gels. In other words, colloidal 
folutions were formed at the points where 
ie ore material was deposited. 


== 


| The final stage in the deposition of the 
‘res from colloidal solutions is marked by 
1e formation of oolitic ores [11]. As the 
emperature was lowered still further after 
ie formation of these ore varieties, the 
‘lutions, which still contained no iron com- 
ounds, again became true solutions, and 
uch minerals as chlorite, calcite, quartz 
nd chalcedony were separated out. The 
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lower temperature limit for the existence of 
the colloids in this case may be reckoned as 
180° to 225°. This is determined by measur- 
ing the homogenization temperature of the 
gaseous and liquid inclusions in the quartz 
(amethyst). The upper temperature limit for 
the formation of colloidal solutions may be 
measured approximately by the temperature 
at which the garnet is formed. Thus far, 
however, no gaseous and liquid inclusions 
have been encountered in the garnets. 


It must be stressed, in conclusion, that 
the magnetite ore veins deposited from col- 
loidal solutions have undergone recrystalliza- 
tion, which often has produced fibrous and 
acicular aggregates or columnar grains of 
magnetite. 


CONCLUSIONS 


1. In the Tungusska syneclise of the 
Siberian platform, in addition to the Angara- 
Ilim iron-ore districts have been discovered 
whose deposits are also associated with the 
volcanic activity that produced the traprock. 


Each of the iron-ore districts, being 
located in a specific part of the regional 
deep-seated fault zones that surround the 
Tungusska syneclise, is characterized by 
its own special geologic conditions governing 
the localization of the ore segregations. A 
feature common to the deposits of all the 
iron-ore districts of the syneclise is the 
close association between the mineralization 
and the faults along which the magma that 
formed the conformable and unconformable 
traprock bodies traveled, until the formation 
of the ores. Later tectonic movements re- 
newed the fault zones, and the ore formation 
was localized principally in the inherited 
fault zones and belts. 


2. The formation of the magnetite ore 
deposits was due to metalliferous solutions 
that were separated at definite stages of the 
volcanic activity from the deep-seated nuclei 
of basaltic magma. In the present state of 
our knowledge of these matters, two stages 
have been reliably established in the separa- 
tion of the ore-bearing solutions from the 
magma chamber and the formation of the 
deposits. The first stage is connected with 
the magmatic phase that appeared in the 
Late Carboniferous and Early Permian; the 
second with the very latest phase of igneous 
activity in the Late Triassic or even Early 
Jurassic (?). 


3. The paths taken by the penetrating 
metalliferous solutions were the tectonically 
renewed fault zones along which the basaltic 
magma had traveled into the upper structural 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. | 


level of the platform until the formation of 
the deposits. The ore mineralization was 
localized in both the fault zones and the ac- 
companying zones of weakened rock conform- 
able with the bedding and in the pipes (necks) 
distributed throughout the more mobile parts 
of the Tungusska syneclise. 


4, During the formation of the deposits 
the ore-bearing solutions, besides water and 
carbon dioxide, contained Fe, Ca, Mg, Ti, 
V, Co (Ni), P, Cl, F. The iron was most 
probably contained in the form of chlorides 
and fluorides. The iron chlorides may have 
been of juvenile origin and, more likely, 
may also have been created by interaction of 
the basaltic melt with the halite deposits of 
the Lower Cambrian. The presence of alka- 
line facies in the differentiated traprock 
bodies and the manifestation of xenohybridism 
are both in accord with this supposition. 


5. The paragenetic mineral associations, 
as well as the composition of the magnesi- 
ferrous magnetite, vary according to the 
concrete geologic conditions -- the tectonic 
structures, the composition of the host rocks,, 
and the distance from the localization of the 
ore formation to the deep-seated magma 
chamber. 


The ore segregations farthest removed 
from the magma chamber are characterized 
by low-temperature paragenetically associated 
minerals -- magnetite, serpentine, chlorite, 
calcite, quartz. The magnetite contains up to 
75 to 80 percent of MgFe 204 and is thus 
magnesioferrite (in the Ilimpey district de- 
posits). Garnet and pyroxene are not typical. 
The host rocks are doleritic tuffs. 


In the case of deposits that are somewhat 
closer to the magma chamber and are con- 
tained in the tuffs, dolerites, argillites, and 
marls (of the Angara-Ilim district), a rather 
different sequence of mineralization has been 
established. This includes, first of all, an 
extensive high-temperature stage: 


1) grossularite-andradite, diopside, 
magnetite, apatite; in addition, three rela- 
tively low-temperature stages are distin- 
guished: 


2) magnetite, apatite, serpentine, 
chlorite, calcite; 


3) calcite, magnetite, hematite, 
chlorite; 


4) quartz (amathyst), chalcedony, 
calcite. 


The magnetite contains from 3 to 50 per- 


cent MgFe 904, and may thus be considered 
to be magnesiferous magnetite. 
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In the case of the deposits whose formatia 
is associated with the metasomatic replace- | 
ment of the carbonate rocks (limestone and 
dolomite), the paragenetically associated 
minerals are different from those of the 
preceding deposits. Thus two stages of 
mineralization have been noted in the Pod- 
kamennaya Tungusska River deposits: 


1) magnetite, diopside, basic plagio- 
clase, apatite, garnet; 


2) actinolite, prehnite, epidote, chlo- 
rite, zeolites, calcite. 


The magnetite here does not contain mag- 
nesium. 


Two stages of mineralization have also 
been observed in the deposits of the Tungus-~ 
ska iron-ore fields (on the Kureyka, Sever- 
naya and Letnyaya Rivers): | 


| 
1) olivine, sahlite, garnet, wollastondil 


apatite, magnetite; | 
| 


2) actinolite, biotite, chlorite, serpen- 
tine, zeolites, clinozoisite, sericite, talc 
and quartz. 


The magnetite is low in magnesium, con- 
taining less than 5 percent of MgFe 204. 


6. Along with the widespread manifestati 
of metasomatism by infiltration in the forme 
tion of the deposits, a very important role 
in the deposition of the ore veins was played 
by colloidal solutions which developed from 
true solutions by supersaturation of the lattes 
at the point where the ore material was de-- 
posited; these colloidal solutions did not 
emerge as such from the deep-seated magmh 
chamber. | 


7. Certain deposits clearly show a re- 
crystallization of the colloidal ore solution 
with a formation of strikingly elongated 
acicular and fibrous grains of magnetite. 
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SOME PECULIARITIES OF THE STRUCTURE 
OF THE MAYTAS GRANITE MASSIF 
(IN THE,NORTHERN PRIBALKHASH AREA) 


AND THE DISTRIBUTION OF CERTAIN RARE ELEMENTS IN IT 
by 
V. V. Buldakov 


In studying the joint structure of intrusives 
the special interest of investigators has been 
drawn to igneous rock masses that enclose 
ore veins, where a detailed analysis of the 
jointing will facilitate discovery of the factors 
governing the localization of the ore forma- 
tion and of the prospects for development. 
Unfortunately, investigators are often content 
with determining the interrelationships in 
time of veins with different compositions, 
whereas the history of the ore-bearing joints, 
which would make it possible to reconstruct 
the laws governing the formation of both the 
intrusives themselves and the ore deposits 
associated with them, are given insufficient 
study. 


The Maytas granitic massif in the Northern 
Pribalkhash area (Central Kazakhstan) will 
serve as the basis for an attempt to examine 
certain features of joint structure that will 
enable one to some degree to determine the 
conditions of the formation of the intrusive, 
its form and its relation to the geologic de- 
velopment of the area under consideration. 


SOME FEATURES OF THE GEOLOGIC 
STRUCTURE OF THE AREA 


The structure of the area (Fig. 1) is made 
up of a complex of lithologically different 
extrusive and sedimentary rocks which can 
be roughly divided into series: a lower sedi- 
mentary series, a middle extrusive series 
and an upper extrusive-sedimentary series. 
These series compose the northeastern part 
of the eastern flank of the Kyzyl-Espa anti- 
clinorium. The trend of the folds is pre- 
dominantly NW 310° to 330°, although folds 
trending northeast are sometimes encountered. 
The dip of the folds in the lower series 
varies from 30° to 40° and in the upper 
series becomes gentler, down to 15° to 25°, 
The trend of the folded structures is main- 
tained, and only the steepness of the dip of 
the flanks changes. 


The lack of faunally defined strata in the 
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extrusive-sedimentary series, and their | 
somewhat different lithologic composition 
from that of the nearby areas, make it im-| 
possible to determine accurately the age of | 
the rocks composing the district. According | 
to V.F. Bespalov [1, 2], the extrusive rocks: 
of the Northern Pribalkhash area, including 
the district under consideration here, belong: 
to the Early Carboniferous and Later Paleo- 
zoic, and not to the Devonian as suggested 
by N.G. Kassin, N.I. Nakovnik, M.P. Rusa} 
kov and other investigators. 


The lithologic composition of the series 
that have been distinguished in this area is 
as follows. 


The lower sedimentary series is basically 
made up of polymict and tuffaceous sand- 
stones, replaced above by a thin (up to 1.5 
to 2.0 m) interbed of conglomerates under- 
lying a rather thick stratum of acidic coarse 
grained tuffs and tuff breccias. The whole | 
series extends over a large area, has a 
thickness on the order of several hundred 
meters and lies mainly in the southern half | 
of the district under consideration. 


The middle extrusive series, whose thick: 
ness is probably on the order of 200 to 300 
m, begins with a layer of tuffites which fre- 
quently change horizontally to siliceous 
shales; above this lie (from below upward) 
diabases, diabase porphyrites, amygdaloids, 
and plagioclase andesitic porphyrites and 
their tuffs, with interlayerings of dacite 
porphyrites. 


The upper sedimentary-extrusive series 
differs from the middle series in the more | 
acidic composition of its rocks, which con- | 
sist of coarsely fragmental tuffs of liparite | 
porphyries in a thick stratum overlain by a | 
layer of felsitic lavas, above which are 
individual spots of liparite porphyries. The 
entire series of acidic extrusives has a | 
characteristic reddish color. 


The uppermost and youngest formations of 
the district are the mantles of trachyliparite 
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Fig. 1. Geologic map of the Maytas granite massif. 

] -- Recent sediments; 2 -- trachyliparite porphyries; 3 -- acidic intrusives 
and their tuffs; 4 -- diabases and diabase porphyrites; 5 -- andesitic plagioclase 
porphyrites and their tuffs; 6 -- tuffs of liparitic porphyries and tuffaceous sand- 

. stones; 7 -- coarse and medium-grained granites; 8 -- fine-grained porphyritic gran- 
ites; 9 -- dikes of granite porphyry; 10 -- host rock xenoliths in the granites; 
11 -- tectonic faults; 12 -- symbols showing the mode of occurrence of the host rocks; 
13 -- symbols showing the disposition of the dikes of granite porphyry; 14 -- zones 


of distribution of aplite dikes and small pegmatite bodies. 
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porphyries. 


The entire complex of rocks is cut through 
by granites; the granite intrusive was injected 
into the core of a small local brachysynclinal 
structure, whose flanks dip quite gently, from 
5° to 209. The syncline is surrounded by a 
series of conically shaped faults along which 
granite-porphyry dikes were intruded. These 
dikes always dip toward the center of the 
syncline, at angles of 40° to 50° in the south 
and 60° to 80° in the north. The difference 
in the angles of dip produces a certain asym- 
metry in the section through the ring-shaped 
zone of conical dikes. Granites cut the zone 
of ring dikes in the southern part of the 
area, which indicates that they are younger 
than the granite porphyries. The conical 
faults in all probability were the channels 
for the lavas that produced the youngest rocks 
of the district, the trachyliparite porphyries. 
The proof of this is the fact that the trachy- 
liparite series are not cut by the granite 
porphyry dikes, and the almost identical 
mineral composition and structure of these 
rocks. 


The massif is made up of several varieties 
of granite. The center is composed of large- 
grained porphyritic biotite granites, and the 
periphery of medium-grained varieties which 
are the border facies of the large-grained 
granites. In ''sills’ extending from 5 to 50 
m, and from 100 to 150 m at the edges of 
the massif (according to data from bore 
holes), there is a quite extensive variety of 
fine-grained, strikingly porphyritic, alaskite 
granite. The contact between the alaskite 
granite and the large- and medium-grained 
granites is often quite distinct, and is char- 
acterized by the presence of a chilled zone, 
which indicates that the alaskite was intruded 
later. These granites are extensively distrib- 
uted along the northwestern, western and 
southwestern contacts of the Maytas granite 
massif in the form of an almost continuous 
semicircle. The veins associated with the 
granite massif are represented by aplite 
dikes and lens-shaped bodies of pegmatites. 


The host rocks at the contact with the 
granite have been altered to hornstone and 
granophyric rock. The latter are recrystal- 
lized acidic extrusives with a clear micro- 
graphic and micropegmatitic structure. 


It must be noted that, in addition to the 
conical faults along which the granite porphy- 
ry dikes were injected, the area under con- 
sideration contains two quite large faults 
striking north-northwest (320° to 330°) and 
one striking east-northeast (70° to 80°). 
These faults are regional in extent and can 
be traced for a great distance. 


There is also an important system of 
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radial faults. These divide the area, espe- 
cially its northern half, into a number of 
wedge-shaped blocks, which are considerably | 
displaced relative to each other both hori- 
zontally and vertically; this displacement is | 
especially clearly seen along the northwesterm 
contact of the granite massif. The movement 
of these blocks is conspicuous for the dis- 
placement of the strata of the host rocks and| 
for the considerable amount of cataclasis of 
the granites in the fault zones, which is 
accompanied in individual cases by tectonic 
breccia, slickensides and zones of quartz 
formation. It is typical that the radial faults | 
in most cases gradually die out toward the 
south and run together in one area in the 
center; as one moves away from this, the 
vertical amplitude of the displacement in- 
creases. 


| 
| 
| 
/ 
j 
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THE JOINT STRUCTURE OF THE INTRUSIVE 
| 

Before moving on to an analysis of the 
internal structure of the granite massif, and 
particularly of its joint pattern, the data on 


its overall shape must first be examined. 


The Maytas massif is an intrusive body, 
elongated in the north-south direction and 
widening toward the north. Its contact sur- 
faces dip steeply (as much as 60° to 70°) 
toward the host rocks. In view of their gen- 
eral occurrence, it must be concluded that 
the intrusive is unconformable. The upper | 
surface of the granite massif is fairly flat | 
and inclines gently toward the southeast. 
The northern contact of the massif with the | 
host rocks is also quite flat; the western 
contact is more broken, since the individual | 
blocks of the massif here are displaced to | 
considerable distances as a result of tectonict 
movement. The southeastern contact is cov- 
ered by sediments of recent age. | 


Because of the almost complete exposure 
of the granite massif, the elements of its 
internal structure are easily seen. The map 
shown in Figure 2 indicates that the massif 
is broken up by a dense system of joints 
running in various directions: there are four | 
main systems of vertical and one system of | 
gently sloping joints. The role played by the} 
joints running in one direction or another is 
related to the structure of the granites and | 
their geologic position. | 


The system of gently inclined joints, whic 
differ sharply in granites of different texture 
and compositions, is particularly important. | 
In the large-grained granites the gently sla 
ing joints are somewhat less extensive; ellip ! 
soidal structures are usually formed here ast 
a result of such jointing. In the fine-grained | 
granites the gently inclined jointing is more | 
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Fig. 2. Map showing the joint structure of the Maytas granite massif. 


1 -- primary jointing in the granites and symbols showing its occurrence; 2 -- zones of 
ranite porphyry conical dikes and symbols showing their occurrence; 3 -- known faults; 4 -- sup- 
dsed faults; 5 -- Recent sediments; 6 -- boundary between fine-grained porphyritic rocks and 
edium and coarse-grained granites; 7 -- zones of distribution of aplite dikes and small pegma- 
ite bodies. 
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extensive, so that the rock here is usually 
broken up into thin slabs no more than 10 to 
12 cm wide. The gently inclined joints change 
their dip sharply even within small spaces 
and evidently reflect the shape of the granite 
intrusive's surface. Bodies of fine-grained 
strongly porphyritic granites of various thick- 
nesses occupy considerable areas among the 
gently sloping joints in the large and medium- 
grained granites. 


The greatest interest is presented by the 
steeply dipping joint systems, which are dis- 
tributed with a definite regularity. In the 
case of the large- and medium-grained gran- 
ites (east of fault I in Fig. 1), concentric 
and especially radial joint patterns are the 
most typical. They are spaced at consider- 
able distances in the form of clusters radiat- 
ing from the center of the intrusive, and can 
be traced without change from the granite 
for a certain distance into the surrounding 
rocks. In the eastern part of the massif the 
joints dip westward at an angle of 70° to 
859; in the western part the dip is in the 
opposite direction at the same angle. Such 
joints usually have no filling, but sometimes 
only a small amount of low-temperature 
quartzification of the rocks is observed in 
them. 


The concentric joints appear less clearly 
on aerial photographs, but they can easily be 
followed on the ground, since they are very 
frequently associated with aplite dikes and 
small (no greater than 0.5 to 2.0 m in width) 
almost isometric bodies of pegmatites. Such 
formations are especially widespread in the 
northern, most elevated part of the massif 
which, to judge by the extent of the large- 
grained granites, has been tectonically up- 
lifted and more deeply eroded. The joints in 
the concentric system dip steeply, as much 
as 75° to 85° to the south -- that is, toward 
the center of the intrusive -- and, like the 
radial joints, can be traced into the surround- 
ing rocks, but for a much shorter distance. 


Both the radial and the concentric fissures 
involve movements characterized by normal 
as well as oblique-slip faults, often with a 
horizontal displacement of considerable ampli- 
tude. The displacements in the planes of the 
radial joints are in every case later than 
those of the concentric fissures, since they 
almost always involve blocks formed by the 
latter. These displacements are especially 
well marked in the aplite dikes, which for 
the most part occupy the conformable con- 
centric fissures. 


This block of the massif also contains two 
systems of vertical fissures, which corre- 
spond in direction to the basic faulted struc- 
tures of the district -- north-northwest and 
east-northeast (NNW 320° to 330° and ENE 
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70° to 80°). But these joints are of little im 
portance in the large-and medium-grained 
granites. In the fine-grained granites located 
mainly to the west of fault I, on the other | 
hand, both of these systems are quite promi| 
nent (Fig. 2). The joints striking east-north) 
east are of great importance, inasmuch as 
they often contain high-temperature ore- 
bearing quartz veins with associated greisens 
The north-northwest joints are, for the most 
part, not mineralized. | 


| 
| 


The dips of the steep joints are also 
characterized by certain regular features. 
Thus, for example, the joints that follow the 
parallels of latitude (north-northeast) in the | 
southern part of the fine-grained granite are: 
dip northward; in the northern part, like the 
ore veins, they dip in the opposite direction) 
The angles of dip are steep, about 80° to 
90°. In the area described, west of fault l, 
there are two more systems of steep 2a 


that intersect the first two systems -- nortt! 
northwest and east-northeast -- at an angle 
of 45°. Sometimes these joints change their 
strike to form an arc and, in a manner of | 
speaking, reflect the concentric system of | 
joints in the main block of the intrusive 


(east of fault I). 


Thus the granite massif may be divided | 
into two parts which differ in the nature and 
direction of the joint patterns developed in 
them. This difference is determined not onl 
by the heterogeneous nature of the rocks 
composing these areas, but mainly by the 
different times at which the jointing appear 
in the general course of the geologic histor 
of the district. 


THE RELATIONSHIP BETWEEN THE JOINTIN 
AND SHAPE OF THE INTRUSIVE AND TH! 
GENERAL STRUCTURE OF THE DISTRICT 


Analysis of the joint structure of the 
granite massif has established the close co 
nection of the intrusive's development with | 
the overall geologic history of the district, | 
as well as a certain relationship between 
the peculiar distribution of the jointing and | 
the shape of the intrusive body. 


i 
ring dikes in its flanks have also been re- | 
flected in the shape of the intrusive itself. | 
Figures 1 and 2 show that the original shapi 
of the massif in plan was, apparently, circ 
lar and thus concordant with the general 
shape of the brachyanticline. This can be 
seen especially well at the northern contact 
of the granites with the host rocks, which 
is here exactly parallel to the zone of gran 
ite porphyry ring dikes that were intruded | 
along the dense net of concentric faults. 
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A certain asymmetry of the southern contact, 
where the intrusion cuts the zone of dikes, is 
in all probability determined by the nature of 
the faults along which the granitic magma was 
injected. Such faults in the district under 
consideration may have been those whose 
trend runs north-northwest, which predeter- 
mined the massif's meridional elongation that 
was later increased partly by repeated move- 
ments along the north-northwest faults and 
mainly by fault I. 


The circular shape of the massif in the 
initial period of its formation, when the upper 
parts had been totally congealed, caused the 
formation of a net of contraction joints. One 
system of joints was radial and the other 
concentric. The concentric joints became 
strictly parallel not only to each other but 
also to the line of contact between the massif 
and the separate elements in the internal 
structure of the host rocks; this is confirmed 
_ by the position of the ring-shaped zone of 
conical dikes of granite porphyry. The dip of 
this joint system in the granites typically 
corresponds to the dip of the earlier con- 
centric faults in the host rocks, with which 
the granite porphyry dikes that are older 
than the granites are often associated. 


The probability that the joints in the gran- 
ites were produced by contraction is seen in 
their uniform distribution during the forma- 
tion of the dense net throughout the whole 
area of the massif (up to several thousand 
joints per km2) and in the fact that they are 
maintained over great distances. The space 
separating individual joints in the same direc- 
tion is no greater than 20 to 30 cm. It is 
difficult to imagine any other origin for such 
joints, especially those of the radial system. 


The concentric fissures in the host rocks 
and in the granite intrusive are typically 
filled with dikes. In the former they are 

granite porphyries; in the latter they are 
often aplites or pegmatites (see Fig. 1). The 
sharp difference in their ages is important 
in solving the question of the temporal rela- 
tionships between the magmas. The granite 
porphyries are thus older than the granites, 
whereas the aplites and pegmatites are 
younger. It is important to note that there 
was an infiltration of igneous material along 
the system of concentric faults in the host 
rocks both until the granitic magma was 
intruded and after its intrusion; this material 
was cooled in the upper strata (forming the 
aplite dikes and pegmatite bodies). This 
shows that the concentric fissures at certain 
moments served as paths for the injection of 
the igneous melts and, in some Cases, of 
post-magmatic solutions. It must also be 
kept in mind that the dip of the concentric 
fissures and thus of the dikes as well is the 
same both in the host rocks and in the 
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massif, and inclines toward the center of 

the structure. The radial system of joints and 
faults is almost never found to contain mate- 
rial forming dikes, in spite of the fact that 

it evidently extends to great depths. 


This disposition of the main elements of 
the internal structure of the massif, and 
especially of the concentric jointing, may be 
taken as an indication that the channel feeding 
the igneous melt was primarily in the center 
of the brachyanticline, where the clusters of 
conical granite-porphyry and aplite dikes 
interlock. In this process, part of the igneous 
melt rose along the steeply inclined channels, 
reached the surfaces of the exfoliation that 
formed the other, gently sloping system of 
joints, and spread out along these to form 
a complex net of gently sloping and vertical 
dikes connecting the bodies of fine-grained 
aplitic granites and the aplites. The other 
part of the fine-grained porphyritic granites 
which formed a thick stratum along the 
western contact of the massif, west of fault I, 
was evidently intruded along the hanging con-— 
tact surface of the granite massif. 


The portion of the granitic massif to the 
west of fault I and composed of primarily 
fine-grained strongly porphyritic granites is 
essentially different from the portion to the 
east of the fault. Here, too, there is a strict 
regularity in the development of the joint 
structure relative to the fundamental tectonic 
structure of the district. The formation of 
the joings striking north-northwest and east- 
northeast is associated with the formation of 
the large faults running in the same direc- 
tions (faults I, II, III). The elements in the 
internal structure of the fine-grained granites 
were probably formed in association with the 
formation of the large and medium-grained 
granites. This is understandable, since the 
magmas producing the fine-grained granites 
were being intruded while the earlier large- 
and medium-grained granites in the upper 
levels were uncrystallized. The most deeply 
penetrating joints, mainly concentric, which 
had appeared in these large-grained granites, 
served as passages for the intrusion of the 
magmas of the fine-grained granites. Until 
the magma was solidified there was a re- 
newal of tectonic movement, which produced 
repeated movements along the north-north- 
west and east-northeast faults that had been 
emplaced earlier, as well as the formation 
of new faults with the same strikes in iso- 
lated parts of the large-and fine-grained 
granites (the latter could occur only in defor- 
mations accompanied by rupture). The poor 
development of contraction joints in these 
granites is apparently due to the fact that 
their solidification was accompanied by tec- 
tonic movements resulting in the formation 
of joints with the same strikes as the joints 
and faults in the host rocks. Residual 
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hydrothermal and pneumatolytic solutions 
penetrated along one of the joint systems -- 
mainly the east-northeast -- into the intrusive 
and led to the formation of greisens and high- 
temperature quartz veins. The dense net of 
joints, along which post-magmatic solutions 
could penetrate the upper layers, caused in- 
tensive alteration of the granites. This is 
proved by the extensive albitization and the 
formation of greisens in the granites, espe- 
cially the fine-grained varieties. The ore 
bodies, and also the zone of greatest altera- 
tion of the granites, are typically located 
near the supposed center of the intrusion (the 
feeding canal), but in the western block. 


In the large-and medium-grained granites 
the north-northwest and east-northeast joints 
are very poorly developed, evidently because 
the tectonic movements that caused them had 
already become fixed in the radial and con- 
centric joints, still further emphasizing their 
structure. They were manifested with partic- 
ular intensity in the radial joints, mainly in 
those whose strike is close to that of the 
regional faulted structure. This also explains 
the great displacement of the individual blocks 
of granite toward the northwest. In this in- 
stance the wedge-shaped blocks of the massif 
(see Figs. 1 and 2) were displaced to consid- 
erable distances horizontally and vertically, 
thus still more exaggerating the elongation of 
the massif from north to south. The blocks 
located along fault I were subjected to the 
greatest displacement; there the horizontal 
displacement of one block relative to another 
was sometimes as much as 1.0 to 1.5 km. 
Movement along faults running in directions 
close to the north-south line took place in 
the later period as well; this is shown by 
their displacement of the east-west faults 
and of the ore bodies. 


SOME FEATURES OF THE DISTRIBUTION 
OF CERTAIN RARE ELEMENTS IN 
RELATION TO THE STRUCTURE 
OF THE INTRUSIVE 


Along with the study of the structure of 
the granite massif, the author has undertaken 
the task of finding certain laws governing the 
distribution of the ore-forming elements in 
the massif, in relation to the geologic posi- 
tion of the individual varieties of granite and 
their mineral composition and structure. 


From what has been said above it can be 
seen that the massif investigated by the au- 
thor contains granites intruded at two differ- 
ent stages and composed of three basic vari- 
eties: large-grained biotite granite, and 
medium- and fine-grained strongly porphyritic 
leucocratic granites. The first two varieties, 
as has been recognized in investigations of 
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Kazakhstan [5], belong to the main intrusive 
phase; the last belongs to the phase of gra- 
nitic veins. 


The granites of the massif described in 
this article are accompanied by rare-metal 
(Mo - W) mineralization in the greisens and 
high-temperature quartz veins. These veins 
are located mainly in the southern, narrower 


part of the massif (Fig. 1) near to or directly 


within the supposed center of the structure, 
and are nowhere to be traced beyond the 
limits of the massif; their strike is rarely 
anything but east-northeast (65° to 80°). The 
ore bodies, as already mentioned in the 
previous section, and the supporting molyde- 
num-wolfram mineralization are associated 


with specific structures and specific varieties | 


of granite. 


Geochemical studies have been made in 
order to obtain important information on the 
behavior of the disseminated elements. 


Samples for geochemical analysis were 
taken along profiles separated by definite 
distances from each other for 200 m across 
the strike of the massif in the southern, ore- 
bearing portion; in the northern part, where 
the granites are represented mainly by large- 
grained biotite varieties, assays were taken 
from only three cross-sections, one north- 
south and two east-west. Samples were taken 
every 50 m. 


Spectrum analyses, and for certain ele- 
ments both spectrum and chemical analyses, 
of the assays have produced some very 
interesting data. 


The following regularities, for example, 
have been found in the distribution of the 
rare-metal group (Mo - W - Be). 


1. The concentration of W, Mo and ac- 
cessory Be increases from the earlier gran- 
ites to the later ones -- the fine-grained 
leucocratic granites whose content of SiO2 
and alkali is much higher. All three elements 
are most frequently encountered in granites 
subjected to secondary alteration. Hence it is 
evident that the elements of this group have 
been concentrated in the later differentiates 
of the granitic magma (the fine-grained 
granites), and that the greatest degree of 
enrichment is in the post-magmatic stage. 


2. The aureoles of disseminated molyb- 
denum are greatly elongated in the east- 
northeast direction, conforming with the 
strike of the greisens and the high-tempera- 
ture quartz veins. This indicates that the 
molybdenum was brought in during the later 
stages in the formation of the intrusive and 
concentrated in the granites along joints with 
the same strike as the ore veins and the 
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greisens. These joints were not always favor- 
able to the formation of ore veins and grei- 
sens, but almost always facilitated the circu- 
lation of emanations and solutions enriched 
with molybdenum. Because of the extensive 
distribution of the east-northeast joints, zones 
of granites enriched in molybdenum were 
formed in the same direction. 


3. The beryllium is not distributed in any 
regular zones associated with specific ele- 
ments of the geologic structure, but there is 
a noticeable association with the albitized 
granites. The usual content of Be in these 
granites is considerably higher than the 
Clarke amount (the average percentages of 
the elements in the earth's crust have been 
taken from A.P. Vinogradov, [3]). In the 
large-grained granites, which are low in 
beryllium, the Be content is negligible even 
in the albitized zones. The degree of albiti- 
zation of these granites is lower, however. 


4. The wolfram content could not be ana- 
lyzed in all of the assays, especially those 
from the southern part of the massif, but 
even in the three profiles along which the 
assays were taken it was evident that the W 
concentration was greater in the albitized 
and especially the fine-grained granites. 


The concentration of W, Mo and Be thus 
probably took place in the later stages of 
crystallization of the magma, its later differ- 
entiates being the most favorable for such 
concentration. 


The elements of the sulfide group -- Pb, 
Cu, Zn -- behave differently. They are 
almost uniformly distributed throughout the 
whole area of the massif and in all the vari- 
eties of granite. The lead is distributed in 
easily distinguished zones along faults with 
specific strikes, mainly north-northwest. The 
sulfide elements were evidently introduced 
along the joints running in this direction -- 
that is, perpendicular to the joints along 
which the wolfram and molybdenum were 
brought in. This especially clear in the south- 
ern part of the massif. The distribution of 
Pb in the northern part of the massif cannot 
be determined, because of the insufficient 
number of assays here. The concentration of 
copper remains fairly constant throughout all 
the varieties of granite and all the parts of 
the massif. The concentration of zinc is 
somewhat higher in the fine-grained granites, 
but not enough analyses have been made for 
a complete determination of its distribution. 


It may be concluded from the above that 
the elements of the sulfide group evidently 
have no connection with the lithologic compo- 
sition of the granites and, consequently, with 
the concentrations in specific differentiates 
from the granitic magma. There are some 
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indications that they were accumulated later, 
such as the association of the lead-enriched 

zones with the fault systems having a north- 
northwest trend. These are younger than the 
east-northeast faults with which the molybde- 
num-wolfram mineralization is associated. 


Strontium and barium are more regularly 
distributed. 


1. These elements are most widespread 
in the large-grained biotite granites of the 
main intrusive phase. In the vein granites 
(fine-grained) they are either absent or pres- 
ent in negligible amounts; increases in their 
concentration are seen only in the endo- 
contact facies of the granites. 


2. The barium is somewhat more wide- 
spread than the strontium; according to the 
analyses, however, the concentrations of both 
differ sharply in the different varieties of 
granite. In areas where there is a frequent 
replacement of the main granites by veins of 
granite, distinct, often repeated rapid jumps 
in the concentration curves have been ob- 
served. 


3. The points of maximum content of Ba 
and Sr are almost identical, with the excep- 
tion of the profile passing through the north- 
ern block of the granite massif, along which 
the Sr content is small and the Ba content is 
almost normal. Barium is almost completely 
absent in the fine-grained granites and occurs 
in normal Clarke quantities in the large- 
grained varieties. The low strontium content 
in these profiles is apparently a function of 
the geologic position of the granites, which 
here occur in the deepest levels. 


4. The diminished Ba and Sr content in 
the fine-grained granites, and even the almost 
total absence of these elements in places, 
indicates the decreased importance of the 
alkali-earth elements in the formation of 
these granites. Such elements of the alkali 
group as calcium and sodium, especially the 
latter, begin to be of considerable impor- 
tance in the fine-grained granites. 


There are much higher concentrations of 
strontium and barium in the earlier differ- 
entiates from the granitic magma than in the 
later ones. A paper by S.R. Nockolds and 
R.L. Mitchell [10] deserves mention in this 
connection; the authors, in analyzing minerals 
of various generations, find that the Sr and 
Ba content is considerably higher in the 
minerals formed earlier than in those of 
later generation. In the case of potash 
felspar they indicate three generations, with 
a constant decrease in the concentrations of 
Sr and Ba from the older to the younger 
varieties. This tendency of Sr and Ba to con- 
centrate in earlier minerals is apparently 
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the reason for their concentration in the 
earlier differentiates of the magma. 


A number of conclusions may thus be 
drawn. 


1. Strontium and barium are concentrated 
in the earlier differentiates from the granitic 
magma, and in the crystallization process 
enter into the minerals of earlier generations. 


2. Molybdenum, wolfram and beryllium 
are concentrated in the later, more acidic 
(enriched in SiO9) and also more alkaline 
(enriched in K9O and especially Nag) mag- 
matic differentiates. 


3. The sulfide elements are probably con- 
centrated in the granites during the post- 
magmatic stage. Because of the limited possi- 
bility that these can fit into the silicates in 
isomorphic form and the probability that other 
forms of these elements occur in rocks [8], 
they are not found in any relation to the 
\jithology and are associated rather with 
<tructural factors. 


CONCLUSION 


The formation of the structure described 
above, and especially of the northeastern 
part of the massif, may apparently be ex- 
plained only by a study of central intrusions. 
Such intrusions of Tertiary age were first 
encountered in Western Scotland and Northern 
Ireland, where they are widespread. Older 
intrusions of the central type have recently 
also been found in the Soviet Union. These 
include the Khibin alkaline pluton in the Kola 
Peninsula, described by A.A. Polkanov and 
N.A. Yeliseyev [4], and the Pambak alkaline 
pluton in Armenia [6]. The mechanism by 
which central intrusions are formed was first 
suggested by E.A. Anderson in 1924 [9]. In 
1936 this author published a special paper 
confirming the correctness of his views by 
analyses of magmas. In E.A. Anderson's 
opinion [9], the intense (positive) pressure of 
the magma produces conical faults accompa- 
nied by conical intrusions. If the pressure of 
the magma becomes lower or negative -- that 
is, less than the pressure of the overlying 
strata -- ring-shaped faults accompanied by 
ring-shaped intrusions are formed. This 
alternation of magmatic pressure impulses, 
according to E.A. Anderson, has produced 
the structure of the central intrusions of 
Scotland, where the conical and ring-shaped 
intrusions alternate. The formation of ring- 
shaped fractures causes the structural block 
to be dropped, but sometimes this subsi- 
dence does not take place. 


Without going into the details of the 
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mechanism of formation of such central 
intrusions as described by E.A. Anderson 
and other investigators, it is to be noted 
that the formation of the intrusion in the 
district described in this article was some- 
what different, although similar in its main 
features. Here only the conical fractures 
were formed at the beginning, with the injec- 
tion of granite porphyries along them during 
the first stage, in addition to the radial 
fissures which are usually not filled with 
material forming dikes. The conical faults 
might be considered as border thrusts, as 
observed by I.P. Kushnarev [7] in his investi- 
gation of one of the granitic massifs in the 
Transbaykal area. Later magmatic pressures 
caused the intrusion of granitic magma, 
which in all probability followed the same 
passages as the granite-porphyry magma. 
The peculiar shape of the intrusive is due 

to the formation of systems of concentric 
and radial contraction joints. Additional 
impulses in the granites themselves caused 
the formation of systems of concentric 
(conical) and radial faults conforming to 

the jointing of the granites; aplite and fine- 
grained granite magmas were this time 
injected along certain of the concentric faults. 
The injection of the magma was facilitated 
by the formation of normal faults of regional 
extent, especially of faults with a north- 
northwest strike; the contraction joints here 
reflected the shape of the intrusive. This 
shape in turn was determined by the shape 
of the folded and faulted structure that pre- 
ceded it. The lack of ring-shaped faults gave 
a conical appearance to the entire structure, 
including the granitic intrusive. This is indi- 
cated by the jointing and the series of conical 
dikes. 


The distribution of post-magmatic altera- 
tions in the granites (albitization and the 
formation of greisens, etc.) and of vein 
rocks, ore veins and separate ore elements 
indicates that the most favorable area for 
the manifestation of such phenomena was the 
central part of the structure. The role of 
the individual elements of this structure in 
the concentration of specific types of ore 
occurrences differed at various stages of 
its formation. 
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THE METALLOGENY OF ORE DISTRICTS 


by 


Ye. T. Shatalov 


This article stresses the great importance of a detailed study of the metallogeny of ore 
districts. The author describes the basic principles and possibilities in the development of 
methods for such study and for the construction of metallogenic and forecasting maps of 


ore districts. 


I, INTRODUCTION 


Metallogeny, one of the newer branches 
of geologic science, was originated and 
developed by the present generation. The 
direction of the great volume of geologic 
prospecting work done in the Soviet Union 
requires a scientific foundation; thus, the 
problems involved in the study of the laws 
governing the distribution of ore minerals 
in connection with geologic structure have 
always attracted the attention of geologists 
including such distinguished U.S.S.R. sci- 
entists as V.A. Obruchev [18] and A. Ye. 
Fersman [27]. 


The pioneers in the study of metallogeny 
in the Soviet Union are S.S. Smirnov and 
Yu.A. Bilibin, in studying a number of 
problems of regional metallogeny and of the 
metallogeny of tin and gold, the two scien- 
tists have laid the foundations for the the- 
ory and methods of metallogenic investiga- 
tion. 


In recent years, these investigations 
have achieved widespread importance, both 
in scientific research and in industrial 
organizations. The problem of laws govern- 
ing the distribution of chief ore minerals 
in the earth's crust as a basis for pre- 
dicting their occurrence within the territory 
of the U.S.S.R. has become one of the 
most important of our time. 


A report to the Scientific Council of the Insti- 
tute for the Study of Geology, Petrography, 
Mineralogy and Geochemistry of Ore Deposits 
of the U.S.S.R. Academy of Sciences on Oct- 
ober 28, 1957. 
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Il. DETAILED METALLOGENETIC 
INVESTIGATIONS 


In drawing up and developing the program 
of investigation of the problem of "The Laws 
Governing the Distribution of the Chief Ore 
Minerals", three basic types of predictions 
were established in relation to the amount 
of detail shown on the final metallogenetic 
and forecasting maps. 


1. Regional predictions based on the 
study of metallogenic provinces and zones; 
these are drawn to show potential ore- 
bearing areas on the order of an ore dis- 
trict, in order to make further more 
detailed investigations. 


These investigations are usually made 
on the basis of geologic maps with a scale 
no greater than 1:500,000, which will thus 
also be the scale of the resulting metallo- 
genic maps. 


2. ''Medium-scale'' metallogenic investi- 
gations and forecasts, or the study of the 
metallogeny of ore districts to determine 
the probable disposition of the ore concen- 
trations and fields, and sometimes individual 
deposits, on the basis of geologic surveys | 
on scales of 1:50,000 - 1:25,000 for the | 
most part, and less often of 1:200,000 - 
1:100, 000. 


3. Large-scale predictions to determine 
the prospects for discovering both the area 
and the depth of ore fields and deposits, on 
the basis of large-scale mapping (1:10, 000 
or greater) and of special studies made by 
prospecting. 


The general principles of metallogenic 
analysis and the methods of constructing 
maps that have been developed in the All- 
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Union Geologic Institute (VSEGEI) [19] 
apply mainly to small-scale survey maps 
(1:2, 500, 000 - 1:500, 000) and in part to 
medium-scale (1:200, 000) maps. The latter 
scale is essentially the lower limit for re- 
gional metallogenic work, and makes it 
‘possible to define the local structures in 
order to make further detailed geologic 
prospecting studies, mainly on the scale of 
1:50, 000 - 1:25, 000. 


The VSEGEI methods may be successfully 
used in discovering metallogenic belts and 
/provinces and structural-metallogenic zones 
‘and in making predictions for areas on the 
order of an ore district which are also dis- 
tinguished in systematic geologic surveys on 
‘a scale of 1:200, 000. 


But the most important in the direct 
discovery of occurrences and deposits of 
Ore minerals are detailed geologic surveys 
on scales of 1:50,000 and 1:25,000. These 
are usually made in conjunction with a cer- 
‘tain amount of prospecting work, after 
‘which recommendations are made for explor- 
ations and prospecting in strictly local, 
smal] areas measurable in square kilometers 
Or at specific points. This stage of work 
thus encompasses the transition from mak- 
ing suggestions for the further exploration 
of certain areas (which are usually easy to 
make) to recommendations for the prospec- 
iting of specific objectives. 


_ Hence the present need to support this 
rwork of applied geology by a scientifically 
sbased methodology of metallogenic investi- 
}gations that might, by supplementing and 


isurveys, be an essential aid in predicting 
‘the possible location and localization of 
‘mineralization. 


It must also be stressed that the methods 
of regional metallogenic analysis developed 
‘by VSEGEI cannot be applied directly to the 
\detailed metallogenic investigation of ore 
(districts: as mentioned above, their ''per- 
/missible validity" ends at the scale of 
1:200, 000. Moreover, the actual application 
‘of these methods to individual regions -- 
{the transition from the system in time to 
espace -- has shown that they are by no 
‘means universal (something which their 
authors have always stressed) and cannot 
“=ncompass the whole variety of natural 
occurrences. The circumstance should 

also be kept in mind that all the stages of 
\levelopment are not represented in all 
‘metallogenic provinces: the beginning and 
arly stages predominate in some (the Urals), 
‘the middle and late and final stages in 

others (the eastern Transbaykal area), or 
“he middle and late with a poor representa- 


‘ion of the final stages (the northeastern 
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U.S.S.R.), or the initial, early, late and 
final with the omission of the middle stages 
(in Tuva). Thus there is no doubt of the 
existence of still unexplained "provincial" 
peculiarities and differences in the course 
of geologic processes in time which are not 
envisioned in the VSEGEI system. The 
approach to the study of the metallogeny ore 
districts that are determined by the more 
rigid historical development and position in 
space of a specific structural and metallo- 
genic zone must differ from that used in 
regional metallogenic analysis. 


Recent years have seen the appearance 
of other trends in both regional and more 
detailed metallogenic investigations; metal- 
logenic maps have come to be constructed 
by a considerably wider group of scientific 
and industrial organizations. One example 
of such regional work is the metallogenic 
and forecasting maps of Central Kazakhstan 
drawn up under the direction of K.I. Sat- 
payev by a large association of geologists 
in the Geologic Institute of the Academy of 
Sciences of the Kazakhstan SSR and the 
geologic organizations of Kazakhstan. 


Metallogenic investigations of individual 
ore districts and zones are also being made 
by a number of geologic institutes in aca- 
demies of sciences of other republics and 
by the industrial organizations of the Minis- 
try of Geology and Conservation of Mineral 
Resources of the U.S.S.R. At the present 
time, for example, metallogenic and fore- 
casting maps are being made of Georgia 
and of individual rayons in the Urals, 
Central Tadzhikistan and Darvaz, the Ku- 
rama ore subzone (Uzbekistan), the Angara- 
Ilim district and the Yenisey ridge, the 
Noril'sk district, the Ol'ga-Tetyukhe (Prim- 
or'ye) district and many others. It is note- 
worthy that the majority of these investiga- 
tions are for the purpose of constructing 
metallogenic and forecasting maps on a 
scale of 1:200,000, but no greater. 


Detailed metallogenic investigations have 
also been undertaken by the Institute for 
the Study of the Geology, Petrography, Min- 
eralogy and Geochemistry of Ore Deposits 
of the U.S.S.R. Academy of Sciences (IGEM: 
Ye. A. Radkevich, Ye.T. Shatalov). These 
efforts are based on the further development 
of §.S. Smirnov's and Yu.A. Bilibin's ideas 
on metallogeny, as applied to "medium- 
scale'' metallogenic studies and predictions, 
along with the construction of detailed 
metallogenic maps mainly on a scale of 
1:50, 000 - 1: 25, 000. 


Ye. A. Radkevich has introduced the con- 
cept of the most characteristic "type" ore 
districts, in regard to their endogenetic 
mineralization, and by her investigations in 
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collaboration with N.A. Belyayevskiy in the 
Primor'ye has begun their study. Ye. A. 
Radkevich has stressed the fact that very 
detailed ''saturation" by an “ore load" is 
one of the most important features of the 
metallogenic maps of ore districts. 


Even a brief survey and enumeration of 
the metallogenic investigations presently 
being made by scientific and industrial 
organizations will clearly reveal the ten- 
dency toward increased detail and larger 
scale as compared to regional maps; this 
is natural in view of the great practical 
problems with which geologists are con- 
fronted. 


These tasks will be carried out more 
and more frequently under the complex con- 
ditions of hidden districts and of concealed 
ore fields, deposits and blind ore bodies. 
S.S. Smirnov has more than once stressed 
the fact that the most easily accessible and 
simply detected deposits of ore minerals 
have already been found, and has pointed 
out the need for establishing new methods 
of discovery. It is quite reasonable to 
think that the detailed metallogenic investi- 
gation of ore districts will occupy an appro- 
priate place among such methods. 


The development of effective methods of 
studying the metallogeny of ore districts 
must rely on theoretical investigations; it 
should be emphasized that this may be 
accomplished by the numerous works pro- 
duced by Soviet scientists, including the 
workers in the IGEM of the U.S.S.R. Acad- 
emy of Sciences. 


Serious investigations of the connection 
between igneous activity and hydrothermal 
mineralization, of the nature of hydro- 
thermal solutions and the disposition of the 
ores in them and of the theory of meta- 
somatic processes have been made by A.G. 
Betekhtin, D.S. Korzhinskiy, O.D. Levitskiy 
and others (1953). Much interesting informa- 
tion on igneous activity and the mineraliza- 
tion genetically and otherwise associated 
with it may be found in papers by Kh.M. 
Abdullayev, G.D. Afanas'yev, M.B. Boro- 
dayevskaya, V.S. Koptev-Dvornikov, I.G. 
Magak'yan, M.G. Rub, M.A. Favorskaya, 
F.K. Shipulin and others. Naturally their 
treatment of certain aspects of these com- 
plex and sometimes far from clear geologic 
processes will differ and sometimes pro- 
voke sharp disputes; nevertheless another 
aspect must be stressed, the fact that pre- 
sent-day investigations have a different 
approach in principle from those made 
earlier. Petrochemistry, for example, has 
moved from a study of the main component 
parts of rocks to detailed study of the val- 
ue of the rare and disseminated elements 
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and accessories as petrochemical criteria 

of the connection between igneous rocks and 
mineralization. Relationships in age, which 
had earlier been determined only by geo- 
logic observations, have now been made 
more accurate by the methods of determin- 
ing the absolute ages of rocks (G.D. Afanas’- 
yev). Such examples could be multiplied. 


A very fruitful and important development 
for the investigation of the metallogeny of 
ore districts has been the study of the struc- 
tures of ore fields (F.I. Vol'fson, V.M. 
Kreyter, IecIy ukin; “A5V. Pek A Vee Koroe 
lev and others). Detailed studies of the ore 
material itself have been made by A.G. 
Betekhtin, T.N. Shadlun and others. I.1. 
Ginzburg, finally, has established a whole 
new trend with his study of the erosion of 
the earth's crust and other exogenetic pro- 
cesses; he has designated the theoretical 
basis of the geochemical methods of pros- 
pecting for nonferrous and rare-metal ores, 
and for the construction of geochemical 
maps. 


The results of all these and many other 
investigations, along with the valuable in- 
formation contained in the numerous papers 
by geologists in industry, which are of 
extremely great importance, are a reliable 
basis for the growth of detailed metallogenic 
investigations of ore districts. 


Ill. THE BASIC PROBLEMS AND PRIN- 
CIPLES IN THE METALLOGENIC 
INVESTIGATION OF ORE DISTRICTS 


The metallogenic investigation of ore 
districts involves a complex of geologic 
Operations designed to discover the laws 
governing the formation and distribution 
of deposits of ore minerals throughout these 
areas -- in other words, to determine the 
geologic position of the deposits. 


An ore district is, in the last analysis, 
an ore-bearing area that forms part of a 
metallogenic belt, a structural-metallogenic 
zone Or some other unit (province, region) 
with common geologic features and the 
development, as a rule, of specific ore 
formations or types of industrially impor- 
tant mineral deposits of one (the leading) 
or several metals. These deposits are 
usually associated genetically and are close 
to each other in age; they are developed 
against a background of small and medium- 
sized ore occurrences and (or) regional 
scattered mineralization. 


Ore districts are usually separated from 
each other or from other ore-bearing zones 
by non-ore-bearing or weakly mineralized 
areas; consequently they are distinct both 
geographically and in respect to their in- 


dustrial and economic importance. Examples 
j are the Yana-Adychan tin-ore district in the 
|| Northeast, the Tetykhe polymetallic district 
| in the Primor'ye, the Lower Tagil' platinum 
j district of the Urals, and many others. 


| The ore district is thus a part of a 

¢ regional ore-bearing structure, and the 

# general conditions of its formation are 

| determined by the geologic processes that 
have formed this structure. Hence it is 

{ quite obvious that these general conditions 
j must be ascertained through the methods of 
©regional metallogeny. The connection of a 
given ore district with one regional struc- 
| ture or another and with the stages of its 
development (such as initial and early, 
‘middle and late, late and final) will to a 
« considerable degree determine the specific 
+features, or the type, of the ore district. 


The ore mineralization of a given dis- 
trict may be endogenetic, exogenetic or 
'metamorphogenetic; this will frequently also 
sdetermine the type of the ore district and 
ithe significance of the combination of vari- 
Ous factors in relation to the distribution of 
i) Mineralization; the methods of investigation 
will also vary. 


, In districts with endogenetic mineraliza- 
tion, for example, the most important fac- 
Htors will be magmatic, structural and lith- 
gologic in determining the formation and dis- 
?position of the mineralization and the occur- 
?rence of the given ore formations and gene- 
‘tic types of deposits, in addition to certain 
Jexogenetic criteria and geophysical and 
jother data that facilitate the finding of the 

; endogenetic deposits. In ore districts of 
{various types these factors will appear 
/specifically in relation to the composition 
/of the igneous rocks, the depth of the in- 
trusion, the process determining the pre- 
isence of mineralization (magmatic segrega- 
ition or eliquation, pegmatitic, hydrothermal, 
Yetc.) and which to the first approximation 
}determines the place and the relative time 
of formation of the deposit, and the other 
}properties of igneous activity. 


ii 


| Districts composed of sedimentary terri- 
pe rocks or carbonate deposits, or of 
ivolcanogenic-sedimentary or extrusive se- 
“ries, will have their own peculiar charac- 
teristics. All these peculiarities, structural 
(including the morphology of the igneous 
bodies) and otherwise, will determine the 
(type of the ore district containing the endo- 
genetic mineralization and thus also the 
“complex of metallogenic investigations. 


i 
{| 


) 


In districts with exogenetic and meta- 
morphogenic deposits other factors will be 
‘of primary importance, and the methods of 
investigation will consequently be different. 
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The basic features of the metallogenetic 
study of ore districts will result from the 
degree of detail of the investigation, the 
scale of the metallogenic maps, and the 
final objectives of the study -- the distinc- 
tion among the various ore districts, by 
means of individual externally unconnected 
ore occurrences and by favorable geologic 
indications, of the probable locations of the 
ore concentrations and fields, and sometimes 
of individual deposits or, in other words, 
"medium-scale" predictions. 


The metallogenetic investigation of ore 
districts must successively develop general 
concepts regarding the geologic position of 
the mineralization discovered by the methods 
of regional metallogeny, and refine these 
concepts by the application of more detailed 
methods of investigation. Some of these are 
presented below. 


This type of metallogenic study is dis- 
tinguished by a broader scope than the study 
of ore fields and deposits (large-scale pre- 
dictions) and by the thorough investigation 
of all the properties of the localization of 
mineral formation in the area of an ore dis- 
trict as a whole; this enables one to study 
all the occurrences of mineralization (post - 
magmatic alterations in the host rocks, out- 
croppings of ores and deposits) in their 
possible association with igneous rocks, and 
to reveal the zonality of the ore formation 
(more often horizontal than vertical, to be 
determined by a detailed study of the min- 
eralization of prospected deposits). In 
studying the relatively small area of an ore 
field this very important aspect of metal- 
logenic investigations, especially in the case 
of hydrothermal deposits,.is usually not 
touched upon. 


One of the fundamental differences be- 
tween the metallogenic investigation of ore 
districts and more detailed studies (in 
known ore fields) is the study and establish- 
ment of potential areas for the finding of 
mineralization, often by indirect evidence 
such as the morphology of igneous bodies, 
aureoles of primary mineralization, favor- 
able structural features, the presence of 
shielding strata, etc. -- that is, the find- 
ing of indications suggesting the presence 
of new, concealed ore fields and deposits. 


It is both natural and necessary that 
metallogenic investigations of ore districts 
should make use of the achievements of the 
theory of ore formation, applying them, 
however, to the purpose of finding out the 
distribution of ore minerals in space, and 
not only to the genetic aspects of the pro- 
cesses of ore formation. 


An important final goal of the metallo- 
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genic investigation of ore districts is the 
production of metallogenic and forecasting 
maps. Metallogenic maps must have a 
basis in geology which will support the 
revelation of the regular features in the 
distribution of the ore mineralization, as 
well as exhaustive information on all ore 
occurrences -- that is, a detailed "ore 
load"; this distinguishes metallogenic from 
ordinary geologic maps. The basic conclu- 
sions and recommendations are shown on 
forecasting maps. The regular features that 
have been discovered should be clear from 
the content and the means of depicting the 
data on metallogenic and forecasting maps. 


The above-enumerated groups of factors 
and criteria for the metallogenic investiga- 
tion of ore districts will be considered in 
greater detail below. In conformity with the 
work being done by the IGEM of the Acad- 
emy of Sciences of the U.S.S.R., the dis- 
cussion below will be concerned with dis- 
tricts containing endogenetic mineralization, 
associated mainly with Paleozoic and younger 
igneous activity. 


S.S. Smirnov and A.G. Betekhtin have 
distinguished groups of hydrothermal depos- 
its according to their connection with igne- 
ous activity. 


1. There is no doubt of the direct con- 
nection of this group with igneous bodies; 
to this class belong the igneous deposits 
proper. 


2. In this group there is no doubt of the 
general genetic or physical association with 
definite igneous complexes, but this must 
be proven in each individual case. This 
group encompasses pegmatite, pneumatolytic 
and skarn deposits and some hydrothermal 
deposits (mainly hypothermal). 


3. Here the connection with definite ig- 
neous formations is not clear. This group 
includes another part of the hydrothermal 
deposits, mainly mesothermal and epi- 
thermal. 


4. In the last group the attribution of the 
deposits to the category of those of igneous 
Origin requires proofs and special investi- 
gations, as, for example, in the case of 
the so-called "telethermal" deposits. 


The igneous, structural and lithologic 
factors and the mineralogic and exogenetic 
criteria do not always have the same signi- 
ficance in the study of the metallogeny of 
districts containing deposits belonging to 
these very different groups. From the very 
definition of the groups it is obvious that 
the importance of igneous factors in estab- 
lishing the disposition of the mineralization 
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decreases sharply from the first to the 
fourth groups. It is therefore necessary to 
to establish reliable structural, lithologic 
and other criteria in forecasting the loca- 
tions of deposits in the third and fourth 
groups and to find more definite proofs 

than those known at present of the connec- 
tion of deposits of these groups with igneous 
activity. 

Igneous factors. The establishment of a | 
genetic connection between mineralization | 
and igneous activity presents great difficulties. 
because of the lack of unequivocal proofs | 
of such a connection in many types of | 
deposits. | 

In the broadest sense, the connection | 
between igneous activity and mineralization | 
is expressed in S.S. Smirnov's well-known 
concept of the existence of intrusive (or 
igneous) complexes with special kinds of 
ore-bearing; this differs in principle from 
A.F. Waddington's views on the connection 
between various ore deposits and definite 
stages and types of differentiation from the 
primary magma. The idea of specialized 
ore-bearing intrusive complexes was later | 
developed by Yu. A. Bilibin, who explained 
the connection between intrusive complexes 
and mobile ore belts at various stages of 
development. But these ideas, which are 
fundamentally correct, can be applied to 
regional metallogenic constructions of the 
characteristics of belts and provinces and 
of structural-metallogenic zones to produce 
only general conceptions of the role of 
igneous activity in an ore district as a part 
of these units of area. Yu. A. Bilibin him- 
self has called attention to the various kinds 
of ore-bearing to be found in individual 
members and phases of an intrusive complex, 
the irregularity of their occurrence in 
space and the different connections between 
them and the type of mineralization. The 
study of the nature and laws of these differ- 
ences and the establishment of less equivo- 
cal criteria for the connection between min- 
eralization and igneous activity under given 
conditions are basic tasks in the metallo- 
genetic investigation of ore districts; in a 
number of cases this is difficult because of 
the still insufficiently developed state of 
certain questions in the theory of petrology 
and ore formation. 


Under these circumstances it is an 
extremely complex task to find the criteria 
for comparing the ages and depths of ore 
formation and igneous intrusion during the 
process of their development; the following 
are required in order to obtain such cri- 
teria. 


1. Study of the special forms of ore- 
bearing intrusions related to the latest, 


acidic differentiates of complex, multiphase 
intrusive complexes (for example, M.G. 
Rub's and M.A. Favorskaya's investigations 


in the Primor'ye and V.T. Matveyenko's in 
the Northeastern U.S.S.R.). 


2. The collection and analysis of data 
} relating to transitional forms between igne- 
} ous rocks and ore formations, such as 
greisens, pegmatites and contact-metaso 
matic rocks). 


3. Comparison of the "depth" of ore 
deposits and intrusive bodies in regard to 
a number of geologic (such as assimilation) 
and other indications, including the mineral 
thermometer; this comparison is very com- 
i) plicated because of the existence of "'tele- 

‘ scoped" deposits and the possibility that 

y low-temperature deposits near the surface 
6 may be associated with deep-seated rocks. 


4. Establishment of the age of the min- 
+ eralization and the intrusive rocks both by 
=the usual geologic means and by the deter- 
mination, wherever possible, of the abso- 
slute age of metasomatic and hydrothermal 
» formations; this method has turned out to 
be one of the most effective for deposits 

} of the third group. 


5. Study of the isotopic composition of 
the elements in the rocks of, the separate 
intrusive phases and the ore deposits 
jgassociated with them (this may be useful 
2in studying deposits of the third group). 


a! 


It is also important to establish the con- 
nection between mineralization and rocks 
Maaving definite petrographic compositions 
and the petrochemical criteria of this con- 
Waection by studying the chemical composi- 
j-ion and finding out the typical elements 
for various intrusive phases, vein rocks and 
sore formations, and by a comparison of the 
jiaccessory elements (including rare and dis- 
3eminated elements), as M.G. Rub [21] has 


yw the Primor'ye. Petrochemical criteria 
re important for the deposits of the first 
ind third groups, and will produce espe- 
if: ially valuable data in studying deposits of 
if a third group. 


Af 


In the case of proper igneous deposits 
the first group), a study of the composi- 
jions of the intrusives that form the matrix 
* the ores and of the conditions under which 
he ore components in them were separated 
segregation during crystallization, eliqua- 
Jion, residual melts), as well as of the 
)norphology of the intrusive bodies, is of 
3) ecisive importance. 


= 


da 


) It is important to study the statement 
siade by A.G. Betekhtin that previous ideas 


ii 


ao 
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on "forbidden" associations of metals for 
magmas of basic and acidic composition 
are not entirely correct. It is well known, 
however, that the concept of "forbidden" 
associations is supported by practical exper- 
ience and is of great value in prospecting 
for industrial concentrations of metals -- 
to a considerable degree it is the deter- 
mining factor in a number of serious prac- 
tical recommendations. One must also keep 
in mind the intensity of the mineralization 
and the possibility that small quantities of 
"forbidden'' metals from later processes 
may have been carried in. 


Particular attention must be given to 
determining the occurrence and the physical 
connection of the intrusives and associated 
deposits with specific structural zones and 
levels. In each individual case it is impor- 
tant to find the relationship of the ore forma- 
tion to the roof or apex of the intrusive 
body, and also the association of dikes, 
vein-rocks and ore bodies with the primary 
structure. Such detailed structural and 
morphologic investigations, in which geo- 
physical methods must be widely used, are 
one of the characteristic differences between 
medium-scale and regional metallogenic work; 
they are of particular value for deposits of 
the second group. 


Contact aureoles and endo- and exocon- 
tact alterations in intrusive bodies play a 
great role in revealing their morphology; a 
comparison of these alterations with meta- 
somatic alterations around the ores may 
prove useful in establishing the connection 
between the mineralization and the intru- 
sions (in the case of deposits of the third 
and second groups). Valuable information 
for this purpose and for the prediction of 
the locations of ore fields _and deposits (of 
the third, and possibly the fourth, groups) 
which are not exposed to the surface may 
be obtained from a study of primary aure- 
oles of disseminated mineralization. 


There are some peculiar, but sometimes 
from a practical point of view extremely 
important ore districts in which the mineral- 
ization is physically associated with small 
intrusions and dikes. Examples of such 
districts are the Eastern Transbaykal, where 
minor intrusions are one of the factors con- 
trolling the polymetalliferous mineralization, 
and the Northeastern U.S.S.R. with its 
zones of gold-bearing, hydrothermally 
altered, albitized "pre-granite" dike rocks, 
etc. A thorough study of all aspects of the 
occurrence, composition and interrelation- 
ships of the intrusive and the mineralization 
is necessary in this case for the same rea- 
sons as in the case of multiple intrusive 
complexes and phases. 
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This raises a number of important ques- 
tions which sometimes involve basic prob- 
lems of petrology, such as the independence 
of minor intrusions and dike formations as 
separate phases in the development of a 
tectonic and igneous cycle, or their closer 
association with batholiths or extrusives; or 
the time of injection of the minor intrusions 
and dikes in relation to the intrusives and 
the number of phases; or the interrelation- 
ships of these phases with the time of the 
mineralization; or, finally -- and this is 
scarcely the least important -- the possible 
genetic association of the mineralization 
with these rocks. 


Not all investigators agree with the defi- 
nition of the concept of "minor intrusions" 
and their role in the development of igneous 
processes and mineralization (Kh. M. Abdul- 
layev, M.B. Borodayevskaya, F.I. Vol'fson, 
V.S. Koptev-Dvornikov, and F.K. Shipulin), 
but the ever-increasing deep interest in 
these serious questions is a guarantee that 
in a number of cases minor intrusives and 
dikes will be a reliable criterion for estab- 
lishing their paragenetic association, at 
least, with the mineralization; this is espe- 
cially important for deposits of the third 


group. 


For certain ore districts valuable results 
may be obtained from similar detailed in- 
vestigations of the subvolcanic rocks phy- 
sically associated with various ore deposits 
(as in the Primor'ye and the Northeastern 
WNSre Ka) s 


The question of the occurrence of ore in 
extrusive complexes proper is still far 
from solved. In regard to the metallogenic 
role of terrestrial extrusive rocks, there 
are data only on their physical connection 
in certain districts with deposits of gold, 
silver, tin and mercury that are close to 
the surface. Chalcopyrite deposits have 
been found to be widely associated with the 
rocks of spilitic-ceratophyric and extrusive 
sedimentary formations such as those of the 
eastern slope of the Urals. 


It is very important in making prognoses 
to study erosion as a factor in the degree of 
preservation of the deposits and in the 
metallogeny of the ore district which may 
be discovered and observed at the present 
time. Determination of the possible depths 
of the formation and the locations of the 
mineralization must, naturally, be made on 
the basis of the igneous factors examined 
above, with a critical consideration of the 
data on erosion. 


Structural and lithologic factors are of 


extreme importance in discovering the laws 
that govern the physical distribution of the 
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ore formation. In contrast to the igneous 
factors, which determine the origin of the 
primary source of mineralization, the 
structural and lithologic factors to a very 
great degree affect the localization of the 
mineralization and the creation of enriched 
concentrations. The role of the structural 
and lithologic factors increases greatly in 
importance in studying the placement of 
deposits of the third and fourth groups, for 
which they are the leading criteria, although 
they are also important for the second group. 


Among the structural factors proper one 
may distinguish factors of the first order, 
which determine the origin of folded struc- 
tures in the geosynclinal flexures and up- 
lifts and on the edges of platforms -- the 
structural-metallogenic zones or ore belts. 
In addition there may be a formation of 
structural levels whose role in the locali- 
zation of the mineralization will vary. In 
V.A. Peyve's opinion, regional and often 
deep, long-active faults may be of particu- 
lar importance. 


Structural factors of the first order thus 
determine the type of the ore district and, 
to the first approximation, influence the 
distribution of the igneous bodies, ore zones, 
ore fields and deposits within the district, 
and must be studied from this point of view. 


Folded structures and disjunctive disloca- 
tions of the second order, which are com- 
bined with the folding and located within it, 
have an exceedingly important and some- 
times (together with the lithologic factors) 
decisive significance in the direct localiza- 
tion of the mineralization and the formation 
of ore fields and deposits -- that is, for the 
basic aims of "medium-scale" predictions. 
The study of folded structures of the second 
order is especially important for districts 
with deposits belonging to the third and 
fourth groups, since it will often produce 
criteria for determining the distribution of 
the ore bodies, but it is also of great im- 
portance for deposits of the second group. 


F.1. Vol'fson [10] has noted some of the 
main structural geologic positions of ore 
fields, which tend to occur in favorable 
tectonic structures of the second order -- 
bendings of the axial planes of anticlines, 
large tectonic faults, places in which faults 
branch out, areas where there is a develop- 
ment of fissures that determine the main 
tectonic faults, points of intersection of 
faults, and a number of others; the detailed 
occurrences of many igneous rocks often 
depend on these very structures. In the 
Primor'ye, Ye. A. Radkevich and I.N. 
Tomson have established the great impor- 
tance, in the formation of ore fields, of 
highly fissured zones which are fixed in the 
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upper structural level by deep-seated faults. 


Lithologic factors -- the chemical, phy- 
sical and mechanical properties of rocks -- 
are also among the most important in deter- 
mining the characteristics of ore districts 
as a whole, but they play a still greater 
role in the recognition of the physical posi- 
tions of ore fields and deposits, especially 
of the third and fourth groups. Along with 
the structural factors, they often determine 
the paths of the ore solutions and the pos- 
sible localization of the mineralization, 
both as a result of the favorable composi- 
tion of the rocks and in the presence of 
shielding horizons. 


Numerous examples of the importance 
of structures of various orders and of the 
lithology in the formation of ore fields 
and deposits are cited in the many papers 
published by the association of scientists in 
the structural workshop of IGEM, in ‘Basic 
Problems in the Study of the Structures of 
Ore Fields and Deposits", compiled under 
the direction of F.I. Vol'fson and L.I. 
Lukin; much valuable information on this 
problem is also contained in papers by 
V.M. Kreyter [15], V.1I. Smirnov and other 
investigators. It can only be emphasized 
that the study of structural and lithologic 
factors will be especially profitable if, in 
addition to the usual geologic methods, 
geophysical methods are employed in study- 
ing the structures, densities, fractures, 
porosities and other physical and mechanical 
properties of rocks. 


Mineralogical criteria may be very im- 
portant not only in defining the ore forma- 
tion and the genetic type of the deposits, 
but also in discovering such features of 
the mineral composition of the ore as will 
indicate a possible association with igneous 
rocks and also the depth of the minerali- 
zation, the horizontal zonality and much 
other information that is useful in predicting 
the location of deposits of all four grouns. 


An ore formation, in S.S. Smirnov's 
view, is understood as a group of deposits 
having constant mineral associations and 
formed under similar geologic conditions; 
this will also determine their significance 
for metallogenic investigations of ore dis- 
tricts. In more detailed work on individual 
deposits and ore fields, including the 
finding of the vertical zonality of the ore 
and its distribution in depth, a deeper 
study of the typical mineral associations, 
and especially of the paragenetic relation- 
ships of the minerals, is made. 


In order to use this very important cri- 
terion one must find and describe all the 
actually specific ore formations in relation 
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to the geologic conditions that determine 

the basic types of ore districts; and in so 
doing one must not go into excessive detail. 
Ye. Ye. Zakharov, [12], for example, 
distinguishes more than 200 formations, 
among them about 90 endogenetic metalli- 
ferous and non-metallic deposits. F.1I. Vol'- 
son [8] also presents valuable data on the 
generation of ore formations. 


I.G. Magak'yan's paper [16] is also of 
interest in this respect. On the basis of the 
paragenetic associations of minerals and 
elements and the geologic circumstances of 
their formation, he distinguishes 27 main 
families of endogenetic ores (the term "ore 
family", as used by Magak'yan, has practi- 
cally the same meaning as “ore formation"). 


The practical value of ore formations 
in metallogenic analysis is known from the 
example of the sulfide-cassiterite formation, 
inasmuch as by distinguishing it and accu- 
rately defining its geologic position and 
mineralogic characteristics $.S. Smirnov 
was able to direct the prospecting for tin 
along other lines and in a short time to 
make a decisive re-evaluation of the Soviet 
Union's tin resources. 


Mineralogical criteria may also produce 
great results in studying the general back- 
ground of regional disseminated minerali- 
zation and the formation of aureoles of 
primary disseminated mineralization, whose 
presence is one of the basic indications of 
ore districts. 


The value of mineralogical criteria is 
unfortunately out of proportion to the amount 
of work done in mineralogy in connection 
with these metallogenic aims -- the quantity 
is still negligibly small. 


Exogenetic evidence may have to be used 
to discover the laws governing the develop- 
ment of endogenetic mineralization, and in 
numerous cases provides one of the basic 
indications of the presence of endogenetic 
ore formation (zones of oxidation, crusts 
of weathered matter, aureoles of secondary 
dispersion, placer deposits, etc.). The val- 
ue of exogenetic criteria differs for the 
so-called "open'' and “hidden (by thick 
unconsolidated sediments) ore districts. 


Many valuable suggestions for the use of 
exogenetic criteria to recognize endogenetic 
mineralization have been made by I.I. Ginz- 
burg in his work, An Attempt to Develop a 
Theoretical Basis for the Methods of Geo- 
chemical Prospecting [11], which essen- 
tially contains both the scientific basis for 
the use of exogenetic criteria and geochemi- 
cal surveys for the metallogenic investiga - 
tion of ore districts. 
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I.1. Ginzburg has stressed the importance 
of certain elements and minerals as geo- 
chemical indicators suggesting the presence 
of endogenetic deposits of a specific origin. 
Investigation of these indicators and their 
geochemical correlation must be done in 
association with the others -- metallogenetic 
and geologic -- noted above. This pertains 
above all to the study of primary aureoles 
of disseminated mineralization, which has 
many typical indicators. 


The method of separation of the elements 
associated in a typomorphic complex may, 
according to I.I. Ginzburg, be used to dis- 
tinguish syngenetic aureoles of primary 
disseminated mineralization from epigenetic 
(introduced by different post-magmatic pro- 
cesses). 


Proper exogenetic criteria include hyper- 
genic indicators -- weathering crusts con- 
taining oxidation zones, various secondary 
aureoles of disseminated mineralization, 
schlich aureoles (eluvial, deluvial and al- 
luvial), placer deposits and others, which 
may yield valuable information in discover- 
ing the type features of the ore district and 
the characteristics of the mineralization in 
it. The nature of the exogenic criteria is 
determined by climatic, topographic, 
hydrogeologic and biologic factors, the 
original composition of the rocks in situ and 
the tectonics of districts with different 
geologic and geomorphologic features, which 
must be studied to the required extent. 


Exogenic criteria may be used for all 
four groups of deposits, although they are 
more valuable in the case of deposits of 
the third group and less so for those of the 
fourth and second groups. 


The study of exogenetic criteria is close- 
ly associated with geochemical surveys and 
may be made by the use of such methods 
and the construction of geochemical maps. 

A determination of the content and distri- 
bution of the various metals in all the rocks 
making up the district -- extrusive, sedi- 
mentary and unconsolidated sediments -- 
will be of special value in establishing the 
general "background" or "contamination" of 
the district by metals and picking out the 
areas with increased metal concentrations. 


The most immediate task in studying 
exogenetic criteria is to work out the 
methods and scope of the investigations of 
these criteria, so as to construct metal- 
logenic and geochemical maps on scales of 
1:50, 000 and 1:25,000 and to make medium- 
scale predictions. 
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IV. SOME QUESTIONS OF METHOD AND 
THE CONSTRUCTION OF METALLO- 
GENETIC AND FORECASTING MAPS 


Metallogenetic investigations of ore dis- 
tricts (medium-scale) amount essentially to 
a detailed geologic study of all the factors 
and criteria that determine the presence and 
locations of the mineralization, as well as 
of the ore occurrences and deposits them- 
selves -- that is, to a particular kind of 
specialized geologic "ore'' survey. These 
investigations must be based on geologic 
maps on a scale of 1:50,000 or 1:25, 000, 
supplementing them with data showing the 
connections between the ore formation and 
the geologic structure of the district. 


A universal system of methods encom- 
passing the structural peculiarities of all 
the various types of ore districts is not 
recommended and not required. In each 
particular case one must choose the com- 
bination of investigations which will produce 
the best results under the conditions of 
the geologic position of the mineralization 
in the given district. This combination of 
methods should be studied for each type of 
ore district and recommendations made for 
its use. 


Two basic cases may be distinguished in 
carrying out medium-scale metallogenic 
investigations: a) ore districts that have 
already been studied earlier and contain 
known ore fields and deposits which have 
often been exploited; b) ore districts that 
are little studied or which have been found 
to contain favorable geologic indications, 
in which only ore occurrences or, at best, 
single deposits are known. The methods 
used in investigating these two cases will 
differ. 


In "old" districts the investigation must 
start from known points, by expanding the 
areas of the ore fields, discovering new 
ones situated in similar geologic conditions, 
studying the distribution of the mineralization 
in depth, finding concealed ore fields and 
deposits, usually in the vicinity of the known 
ones, etc. The metallogenic investigations 
may here rely on the established connec- 
tions between the mineralization and given 
rocks or structures, merely deepening and 
expanding them; in a number of cases they 
will merge with large-scale investigations. 


In little studied or in potential ore dis- 
tricts, such already established information 
for all practical purposes does not exist 
and must be produced, often on the basis of 
general geologic premises or indirect evi- 
dence. Here the role and importance of 
predictions increase considerably; forecasts 
become more difficult and must be built 
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“upon detailed analysis of geologic maps on 
a scale of 1:50,000 - 1:25,000 with appro- 
priate supplementary "ore" investigations, 
and sometimes on daring scientific hypoth- 
eses. 


The results of metallogenic investigations 
are reflected on maps -- geochemical, geo- 
physical, metallogenic and forecasting (and 
perhaps certain others, if necessary) -- 
constructed on the basis of detailed geo- 
logic maps (on a scale of 1:50,000 or lar- 
ger) and a supplementary study of the 
1 material from the metallogenetic point of 
' view. It is totally unnecessary to construct 
every kind of map for each district, since 
the number and types of the maps will 
| depend on the group of methods applied and 
| the concentration of information plotted, 
| both geological and special. In the present 
author's opinion, only two maps are required 
-- metallogenic and forecasting -- but these 
may be combined in one if sufficiently indi- 
cative symbols are used. 


Some remarks follow on the essential 
nature of these maps. 


A metallogenic map gives a clear picture 
of the connections found between the min- 
' eralization and igneous activity, structural 
_ and lithologic factors, and mineralogical 
| and exogenetic criteria. These associations 
) Must reveal themselves in an examination 
| of the map itself and must thus be shown 
| On it in one form or another; the basis of 
the favorable criteria and indications is set 
_forth in an explanatory note. 


The geologic underlying basis of the map 
must emphasize the criteria and evidence 
that determine the geologic position of the 
| ore mineralization under the conditions of 


| the given district. 


The actual "ore load" of the map must 

® be exhaustively complete, plotting all the 

* deposits and ore occurrences produced both 
\ by post-magmatic processes, including 

| hydrothermal] alterations around the ores and 
i) aureoles of disseminated primary minerali- 
* zation, ‘and by specified exogenetic pro- 


© cesses. 


The scale of the map will be determined 
by the most detailed existing geologic base 
and the nature of the supplementary metal- 
logenic investigations; this is usually 
1:50,000 or 1:25,000, sometimes with lar- 
“ ger scale (1:10,000 or greater) insets for 
‘particular parts. Such scales permit a 
great amount of detail in showing the “ore 
| load", especially in retaining the morphol- 
| ogy of the ore bodies and occurrences, with 
/sometimes only a small distortion of the 
magnitude. A scale of 1:200,000 is not 
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practicable for this type of investigation and 
may be used only in making overall metal- 
logenic survey maps of ore districts. 


A geochemical map, which is drawn from 
specialized geochemical surveys and metal- 
lometric testings, should show the distribu- 
tion and concentrations of the individual ele- 
ments in various rocks and sediments, 
taking account of the geologic structure. 

I.1. Ginzburg believes that a general geo- 
chemical map should show only the leading 
elements or individual groups of elements 
associated by a common origin; such a map 
should be constructed along with the metal- 
logenetic map and, if possible, combined 
with it. I.I. Ginzburg stresses the expedi- 
ency of drawing geochemical maps generally, 
without reference to their purpose, and 
recommends that the elements characterizing 
the complex or process under consideration 
be studied and shown on maps. 


Geophysical maps, in addition to the 
required amount of "geophysical" factual 
data, should have a background of geology 
and data showing the geologic nature of the 
investigations -- anomalies that directly 
indicate the possible presence of ore min- 
erals (magnetic, sulfide, including pyritic, 
and radioactive), the boundaries of bedded 
rocks and sediments established on the 
basis of their physical properties, the 
exposed details of folded structures, and 
data on the possible depths of occurrence of 
intrusive bodies, dikes, veins, ore deposits, 
tectonic faults, and other matters obtained 
by various geophysical methods. 


The geologic results of geophysical in- 
vestigations may almost always be shown 
directly on metallogenic maps, without 
constructing special geophysical maps. 


Forecasting maps make up the final 
stage of metallogenic investigations, with 
the purpose of distinguishing the areas and 
objectives that have the greatest prospects 
for a given metal or group of metals. Fore- 
casting maps may be drawn on overlays and 
placed over the metallogenic map, or else 
as independent maps in themselves; in the 
latter case they must contain data to show 
the geologic position of the ore mineraliza- 
tion and the basis of the selection of favor- 
able areas. 


The metallogenic investigation of ore 
districts involves various different branches 
of geology, so that its basic principles and 
methods must be evolved collectively, both 
by searching for new methods of investiga- 
tion and by generalizing the enormous 
amount of existing knowledge and experience 
from the study of many ore districts. 
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Monographic descriptions of the type ore 
districts play an important role in the 
development of the basic principles of 
metallogenic study. 


V. CONCLUSION 


1. The Soviet scientists have created 
the theoretical foundation and the methods 
of metallogenic analysis; they have studied 
the special features of the metallogeny of 
many industrially important metals and thus 
to a great degree have participated in the 
successful discovery and recognition of 
the country's mineral resources. Further 
development of these investigations must 
lie in the study of the metallogeny of ore 
districts. The foundations of these more 
detailed investigations have been laid by 
Soviet scientists and numerous industrial 
geologists. 


2. The metallogenic study of ore dis- 
tricts, on the basis of more detailed metal- 
logenic methods than regional analysis, per- 
mits a more flexible and deeper considera- 
tion of the specific features of different ore 
districts and a discovery of the laws govern- 
ing the distribution of the ore minerals in 
them, so as to increase the effectiveness 
of the detailed state geologic surveys and 
later prospecting work. 


3. In addition to its practical application, 
the metallogeny of ore districts may yield 
extremely valuable material for the further 
Clarification of a number of questions in the 
theory of ore formation and metallogeny: 


a) the connection between mineralization 
and igneous activity, the migration and 
deposition of the ore material, and the role 
of the host rocks in the zonality of the 
mineralization; 


b) the distinguishing of type ore districts 
as a further and deeper study of regional 
metallogenic units (structural and metallo- 
genic zones and Yu. A. Bilibin's principles 
of the general development of mobile belts 
and platforms); 


c) the development (in accordance with 
S.S. Smirnov's ideas) of a genetic classi- 
fication of deposits on a geotectonic basis. 


4. A detailed metallogenic study of ore 
districts in the interests of the further 
expansion and strengthening of the mineral 
and fuel resources of the U.S.S.R. It is a 
matter involving the honor of Soviet geo- 
logic science for geologists to devote all 
their experience and knowledge to creating 
new methods of investigation and new 
achievements in theory. 
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fn the Meso- and Cenozoic deposits of the 
sfrans-Ural area and explaining the problems 
If their genesis and their distribution in 
yspace, it became necessary, quite naturally, 
gO give some consideration to the structure 
of the folded basement of this region and to 
whe interrelationships between the structures 
‘bf the sedimentary mantle of the platform 
ind those of the Paleozoic basement. In this 
s-onnection it also became necessary to con- 
struct a map of the hypsometric surface of 
he Paleozoic deposits, as it is conjectured 


co be in this article. 


) It is well known that the territory of the 
Western Siberian plate, which is a long- 
subsiding part of the young Paleozoic Ural- 
iberian platform covered by a flat mantle of 
eeso- and Cenozoic deposits whose thickness 
acreases toward the east and northeast to 
bout 1,500 m in the vicinity of Tyumen’, 
ontains dislocated and metamorphosed Paleo- 
toic strata which compose the basement 
/omplex. This Paleozoic basement, however, 
ip to the present time has received far from 
pdequate study, so that there are still no 
lear conceptions of its composition and 


a 


: 


‘internal structure. In spite of the consider- 
‘ble amount of geologic and geophysical work 
one in recent years, the thick blanket of 
eso- and Cenozoic deposits, the limited 
umber of deep drill-holes that reach down 
i) the Paleozoic and their uneven distribution 
‘ver the area in question and the not always 
‘orrect interpretation of the geophysical data 
~resent only fragmentary information on the 
yitructure of the basement and make it im- 
lfossible to form a definitive idea of the 
sided structures that compose it. The exist- 
fig factual material give only a sketchy 
saisis for judging that both the rocks and the 
structures of the basement differ little from 
wie rocks and structures of the exposed part 
f° the Urals, within a broad belt from the 
jileozoic deposits of the Urals that are ex- 
ysed in the west at least to the Tyumen’ 
‘eridian in the east. 


Geophysical work has established the 


In studying the types of tectonic structures 


Al 


THE FOLDED BASEMENT OF THE URALS PART 
OF THE WESTERN SIBERIAN SHIELD 


V.N. Sobolevskaya 


presence in this zone of positive and nega- 
tive magnetic and gravitational fields, which 
suggest the existence of linear structures 
whose trend is evidently the same as that 
of the exposed part of the Urals, alter- 
nating with meridional ledges of crystal- 
line rocks. Examples may be seen in sec- 
tions drawn along the parallels of latitude 
through the deposits of the sedimentary 
mantle in the Serov and Kamyshlov areas. 
In the first of these, the Paleozoic depos- 
its form a north-south anticlinal zone com- 
posed of volcanogenic and ordinary sedi- 
mentary rocks, ranging in age from Lud- 
lovian to Givetian inclusive, and containing 
a large ultrabasic intrusive elongated in 
the north-south direction which has been 
traced northward for about 90 km from 
Vagranskaya. 


On the Kamyshlov parallel, drill-holes 
have exposed a granitic massif that can also 
be traced from north to south for a consider- 
able distance (Figs. 1 and 2). 


As far as ages are concerned, the folded 
basement of the eastern slope of the Urals 
includes deposits from the Precambrian (?) 
(strongly metamorphosed granite gneisses at 
Berezovo) or Early Cambrian (?) to the 
Carboniferous inclusive. 


Deposits such as those conditionally 
attributed to the Late Permian or Early 
Triassic and unconformably overlying the 
older formations, which in the Transural 
area usually fill the grabens, have been found 
nowhere within the Urals themselves. Thus 
the tectonic interrelationships between the 
Permian and Triassic deposits and the folded 
Paleozoic rocks that compose the basement 
complex may not be considered as clarified 
outside the areas of the grabens. Depending 
on how these relationships are regarded, 
however, the basement will be called 'pre- 
jurassic" in some cases and "Paleozoic" in 
others. Formations of possible Permian- 
Triassic age have been discovered only along 
the eastern edge of the territory under in- 
vestigation, by drill holes at Tyumen’ and 
Yarsk and others around Tobol'sk. In the 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


fo 


oe 


0) XAHTbI MANCHACK 


lp Hon AHHCHOe 


Yj 7 
Yj 


Y 
Yj 


bc 


Y, 
“pf JO 


Yas WF 
SLL Ys be esa thy 
Ci Le Othe 1p 


V. N. SOBOLEVSKAYA 


Srssely] pue ueljeeyy ay} wouy sofe SMOI4EA 4O S21sodap yzIM PLL! Sueqe4sB -- Gj f41ssew 213!uUe4IB Aol yskwey ayy 
[eu!,oudsoeb -- Zz, ‘{sjeun 24} JO SeuoZ |e4Nj}ON43s Ulew ay UsemMjeq se!l4iepunog -- || ‘a, UeW D10zosaw e A 
uelUopa|e) -- Of fej jUueW s10z0saew e Aq paling saunqonsis PePlLos ueluUAdIOH -- 6 {s31sodap d!ssel4) pue ue! 
$0 Asepunog usaqsom -- 9 *si!sodep 21sse14) pue uelW4ed 243 40 Asepunoq usazsem. -- ¢ *pe4injoefuos pue umoux 
-eiddns -- € ‘w ggg uo peseq ‘S!0z098|eg ay3 Jo e2e44NS 94} Buimoys sinojuos a4nqoniys -- Z ‘S3!Ssodep 2!0z0ue9 pue 


*(SS61 U! apew suo!zeasasqo [euossed pue *y"s*s*p ayi jo saoua 


242 “"yts*s*p 943 yo Asasnpu; [10 JO AstzsiuIW aya S*yrototA 243 JO Sed4inosay [e4aUuIW Jo UO! eAUaSUO 
“AP L0Gos “NA Aq pal!dwos) stein [e4}U99 9432 Jo edojs useqzsea ayy uJ S}!sodap s1!0z0a|e4 paling 9u3 


aN 


SSeS 


See 
SoS 
So 


7 


x 
“i 
sotete %, 
5%%%, 6% 
% 
Peete 


° 


t 


ISS 


i) 


| 


Mn 


ye 
ey 

\ 

w 


<i) 


ve 


nit 


y 


!9$ 40 Awopesy 
QJ pue ABoloey yo Aszsiuty 24} Wot} eFep YIM eAexs 
ZO $1 [94 99e44INS BY, Jo dew 2! ,eWWeIBbeIg 


“aueboe|eg Aj seq au. 03 
seuoz |eul|{siqueeb -- ¢| ‘sauoz 
q Pel4Ang seinjon43s paploy uelukssay A{4e3 40 
$}!sodep eulsew o1sseunr deddn ay3 
'S4noquos 94nz9n43s Asequow 
~OSeW 947 40 Sal4epunog -- | 


43 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


“(S49qew Ul!) saloy-[{!4p jo syjdep -- 9 ‘peinzoefuos pue umoux ‘szjney -- G 


‘seziueiB -- SJueweaseq s10z 
1P aseqe!p-osqqeb YyiIM syd01 AseUaW!pas-9Alsn4jzxo -- Zz bp ok dee Oe oSed 


*S}!sodep auaboay |ejUeU!jzUOD pue Aseusazeng -- | 


242 JO S}UaWIpes paploy -- ¢€ {say 


“eul| a40>%SA04}40g-, UoUINA | -Ao| YsAwey 243 Buoje uolj2es s1Boloay *z “B14 


Featoetar Test oat 000‘OL 1 [E51 249K 
02 $218 b OWE 000‘00#:1 ‘[e}U0Z!40H 


AW 7 A aS 2 es 
3 147 2d él-éd 


:9[29S 


< 
» 


S 
S 


mAUIE 
AA 


ab- 
OnE- 
O0e- 
O0!- 
O+ 
GOL+ 
002+ 
M ~ 006+ 


a 


Al 


WT LL 


if! 


4-G2 G-éi d-Mu-£ d-2 ¥-1, 


bd N= ¥-94-£ -L d-? (S)a-€ a 
xy ~DNI+” Ell+ GOL 
a) 


-l 


— 


e)d-& ; ie 8 £ L991 
EL + G99+4IU4 — JEGUIAZ65+ 


+N 
ie 


S 
2 
x 
N 
Luchinkino 


lyevlevo 
Pokrovskoye . 
Uteshevo 

Mal 'tsevo 
Kamysh lov 


44 


- Because of this, 
’ included the Permian-Triassic and the 


V. N. SOBOLEVSKAYA 


first two, according to A.V. Khabakov [10], 


the Permian-Triassic rocks may be said to 
include volcanogenic and weakly metamor- 
phosed sedimentary rocks, made up of an 
alternation of carbonaceous clay shales, 
sandstones, tuffites with basic lava flows 
(diabase porphyrites) and olivine gabbro- 
diabases. This complex has here been pene- 
trated to a thickness of more than 800 m 
(farther east, in the Pritobol'sk area grabens 
the thickness is still greater), The age of 
these deposits has been established by their 
stratigraphic position and on the basis of 
phyllopods, spores and single foraminifers, 
whose general appearance suggests that they 
lived no earlier than the Late Permian and 
no later than the Early Triassic. 


’ 


The dislocations in the supposed Permian- 
Triassic rocks are much weaker than those 
of the underlying Paleozoic rocks whose oc- 
currence may be observed in the Urals. The 
dip angles as measured from cores are usu- 


ally 15° to 20°. Deposits of similar composi- 


tion and probably of the same age have been 
discovered farther south, within the Kush- 
murun depression. 


Younger in age and also considerably dis- 
located are the red- and gray-colored prolu- 
vial and alluvial coal-bearing series which 
fill a number of grabens in the Priural area; 
among these, the largest and best studied is 
the Chelyabinsk graben. These deposits cor- 
respond in time to the Rhaetian-Liassic 
stages. 


Both the Permian-Triassic and the Rhaetian- 
Liassic formations are separated by angular 
and stratigraphic unconformities from the 
overlying gently sloping (almost horizontal) 
younger sediments of the Meso- and Cenozoic. 
a number of authors have 


Rhaetian-Liassic in the basement complex. 


| The possibility is not excluded, however, that 


in the central part of the lowland, in the 
more deeply subsided areas, deposits corre- 
sponding to the Permian-Triassic and Rhae- 


| tian-Liassic in age may be undisturbed and 


will grade gradually into the overlying strata 
of the Meso- and Cenozoic mantle, forming 
a single upper structural level with them. 


Holes drilled at the western edge of the 
Western Siberian Lowland, in the vicinity of 
Ust'-Port (the mouth of the Yenisey River), 
which have revealed similar deposits, also 
supposedly belonging to the Permian-Triassic, 
have shown that here the latter lie with a 
sharp angular unconformity above Paleozoic 
limestones which are evidently Silurian in 
age. Within the Kushmurun trough they lie 
above the younger Paleozoic rocks. A.G. 
Ber's data indicate that they might belong to 
a synclinal structure in the Paleozoic base- 
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ment, but the facts supporting such a synthe- 
sis have still not been found. Most likely this 
is a superimposed structure; in either case, 
here too there is no doubt of the angular un- 
conformity between the Permian-Triassic and 
the Paleozoic. 


On the basis of the dislocations in the 
above-described formations that fill the gra- 
bens and troughs, a number of authors, as 
mentioned earlier, include them in the lower 
structural level (N.N. Rostovtsev and others), 
thus taking the age of the basement as a 
whole to be "pre-Jurassic" and attributing 
the origin of the dislocations in the Permian- 
Triassic deposits which fill the grabens to 
the appearance of an ''Early Cimmerian phase 
of folding." 


There exists a third point of view (A.L. 
Yanshin and others), moreover, according to 
which the dislocated sediments which occur 
in the grabens must be considered as a lower 
structural level of the sedimentary mantle; in 
addition, it is believed that this two-stage 
structure of the mantle is a feature peculiar 
to younger epi-Paleozoic platforms. 


The dislocations in the sediments within 
the grabens, however, are a subsidiary and 
strictly local phenomenon which might have 
been caused by the displacement of the fault 
blocks along the faults that circumscribe 
the grabens, and may therefore not only not 
be used to decide the age of the basement 
complex as a whole but also cannot provide 
a basis for distinguishing the subsidiary 
structural stages within the mantle, since 
there is no evidence at all for the behavior 
of the deposits of the same age outside the 
grabens and for their relationships with the 
covering sedimentary strata. The distinction 
of a new structural stage necessarily implies 
forces that have produced the deformation in 
the sediments of the same ages not only in 
the grabens but over considerable areas 
characterized by similar conditions of devel- 
opment in at least one stage of geologic 
history ---an area, for example, such as 
the entire Western Siberian plate. But it has 
been indicated above that the structures of 
the Permian-Triassic and Rhaetian-Liassic 
deposits in the central part of the plate, 
where they may extend over a great area, 
have still not been explained. It is not im- 
possible that the Permian-Triassic deposits 
here lie flat and are conformable with the 
overlying strata of the Meso- and Cenozoic 
mantle, so as to form a single structural 
stage with them. 


In addition, local observations of the dis- 
locations within the grabens alone would indi- 
cate the necessity of distinguishing structural 
stages in almost unlimited number even with- 
in the eastern slope of the Urals, since if 
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the northern and polar parts of the Ural slope 
are taken into account, the dislocated sedi- 
ments (in the grabens) that are unconform- 
able with the overlying deposits turn out to be 
younger formations down to the Late Creta- 
ceous and Early Paleogene inclusive; this 

may be observed, for instance, in the Ivdel', 
Marsyat and Alapayev areas. 


In view of the above, and of the existence 
of a huge continental stratigraphic gap at the 
beginning of the Mesozoic, it would be more 
correct in the case of the Transural area to 
speak not of a "pre-Jurassic basement" but 
only of the pre-Jurassic surface of the Paleo- 
zoic basement complex. Henceforth the pres- 
ent author will assume the existence of two 
structural stages -- the lower made up of 
dislocated Paleozoic rocks, or the Paleozoic 
basement, and the upper composed of plat- 
form blanket deposits of gently sloping Meso- 
and Cenozoic rocks which may, in the east, 
possibly include the top layers of the Permian 
deposits. 


The structural map, or map of the surface 
of the Paleozoic basement, submitted to the 
reader's consideration encompasses the cen- 
tral Transural area and, in somewhat dia- 
grammatic form, the Northern Transural 
area almost as far as the Salekhard parallel 
of latitude. 


In 1953 N.N. Rostovtsev compiled a map 
of the surface of the "pre-Jurassic basement" 
on a scale of 1:2,500,;000, with structure 
contours at intervals of 200 m. This map 
showed the southern and southwestern edges 
of the Western Siberian lowland, including 
part of the territory described in this arti- 
cle. N.N. Rostovtsev's map in general 
correctly reflects the increasing depth of 
the pre-Mesozoic basement from west to 
east -- that is, from the Urals to the central 
part of the Western Siberian lowland -- but 
it is too generalized and for the present pur- 
poses does not adequately represent the 
typical main structural features of this region. 


II 


The map of the surface relief of the 
Paleozoic basement of the Priural part of the 
Western Siberian plate that accompanies this 
article (Fig. 1) has been drawn to a scale of 
1:1, 000, 000 on the basis of data from drill 
holes, both those which have penetrated the 
basement complex and others from which the 
depth of the basement could be calculated, 
as well as other geologic and geophysical 
material. Both primary sources and general- 
izing works of synthesis have been used. 
Among these, first mention must be made 
of the synthesis of geophysical data by V.K. 


46 


Bugaylo and his coauthors, encompassing 
much of the area under consideration here 
and showing the presence of structural lines 
following both meridians and parallels of 
latitude. L. Ya. Provodnikov and V.A. Nikola- 
yev's tectonic synthesis was also used. In- 
formation covering parts of the whole area 
considered here was derived from maps of 
particular parts of the Transural area by 
various authors: A.P. Sigov and O.V. Bur- 
dina's map for the Kustanay district, V.D. 
Nalivkin's map for the Berezovo and Sverd- 
lovsk districts, A.L. Umovaya's and N.P. 
Gilevaya's map for the Makhnev district, 
D.B. Tal'virskiy's and I.P. Karasev's map 
for the structures along the Tobol and Vagay 
Rivers, and many other works by geologists 
of the Urals geological administration, the 
Western Siberian geological administration, 
the All-union Geological Institute, the Scien- 
tific Research Institute for the Geology of 
the Arctic, the Tyumen’ Oil Geology trust, 
the Geological Institute of the Academy of 
Sciences of the U.S.S.R., the All-union 
Institute for Oil Geology Prospecting, as well 
as personal observations by the present 
author made while working in the field along 
the. eastern slope of the Urals. 


The map is extremely diagrammatic and 
does not pretend to great accuracy; neverthe- 
less it contradicts much of the factual mate- 
rial existing at present, and to the first 
approximation has been taken by the author as 
the basis for his further studies of the his- 
tory of the structures in the Meso- and 
Cenozoic mantle. 


The topography of the Paleozoic surface 
is shown by structure contours at intervals 
of 100 m. Thus the map gives only a general 
idea of the surface of the basement complex, 
since, in view of the extremely gentle dips 
observed here and the interval adopted for 
the structure contours, all the details of 
the structure could naturally not be shown. 


The depth of the basement within the 
grabens, which are extensively developed in 
the Chelyabinsk, Tyumen', Alapayev and 
Pritobol'sk areas, is not shown on the map 
because of the smallness of the scale, since 
this depth often exceeds 1,500 to 2,000 
meters and in many cases has not been 
determined by drill holes at all. 


It is not hard to see from examining 
the map that the structure contours show- 
ing the surface relief of the Paleozoic 
basement of the eastern slope of the Urals 
and the Transural area confirm the exist- 
ence of two structurally different areas, 
of which one, descending by steps toward 
the east, extends in a broad belt parallel 
to the Urals, while the second, in the 
southeastern corner of the territory in 
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question, forms an enormous arch-like mas- 
sif which slopes downward to the north and 
overlies the continuation of the Kazakhstan 
"shield" [9] 


The first area, as indicated above, may 
according to the composition of its deposits 
and the trends of the structures in the Paleo- 
Zoic basement as revealed by geophysical 
methods be considered as a zone of buried 
folding of the Ural type. This fills a broad 
belt from the Urals approximately to the 
Tyumen’ meridian. The second, which con- 
tains structures with a somewhat different 
trend, may be assumed to have Caledonian 
or Early Hercynian structures of the Kazakh- 
stan type. 


On the border between these two great 
basic structural zones is a depression run- 
ning north-south, which is partially filled 
with volcanogenic-sedimentary deposits of 
Permian-Triassic age; this may be traced 
py the structure contours from Tyumen" in 
the north to Kushmurun in the south. 


The southern part of this depression, 
Which contains the Kushmurun trough, is 
also filled with sediments which are similar 
in age and composition to those observed in 
he Tyumen’ area. The overall picture here 
is thus that of a north-south zone of depres- 
sion running along the western side of the 
<azakhstan massif (the shield and its buried 
northern extension). Along the eastern border 
xf this zone is a series of grabens, trending 
1ortheast, in the vicinity of Tobol'sk and 
connected to the western border of the 
<azakhstan massif. Thus the depression, 
Which will here be called the Tyumen'- 
<umurun basin, is evidently located where 
he Hercynian structures of the Urals con- 
vect with the older structures of the Kazakh- 
stan type. 


On the south the territory under investi- 
ration is bordered by the Kustanay arch (the 
30-called Kustanay bank), which is a lati- 
udinal Mesozoic refolding of the north-south 
olded structures of the Urals. Within this 
rch the Paleozoic deposits have been uplifted 
0 about to about the +10 -10 m level. At 
‘ertain particular moments of Meso- and 
senozoic history the Kustanay arch acted as 
. barrier which either narrowed or cut off 
he communication between the northern 
narine basins of Western Siberia and the 
southern seas of the Turgay basin and the 


'The present article will not concern itself 
vith the problems of the terminology of the 
tructures of young epi-Paleozoic platforms, 
nd will meanwhile use the terms adopted in the 
iterature for ancient, pre-Cambrian platforms. 
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Tura lowland. Farther to the north the Paleo- 
zoic structures rapidly subsided to the abso- 
lute level of -500 m. 


The present-day surface relief of the 
Paleozoic basement within the zone of buried 
Ural folding shows (Fig. 1) that it is divided 
into a number of relatively broad steps which 
slope gradually toward the east and northeast, 
separated from each other by a system of 
steep benches running north-south parallel to 
the Urals and parallel or sub-parallel to the 
lines of latitude. 


The level of one step above another in 
different places often reaches several hun- 
dred meters; the steps are 100 to 150 m 
wide. The angles of inclination of their sur- 
faces are usually no more than 5° to 40° 
and rarely exceed 1° to 2°. The surfaces 
of the steps are quite smooth, basically 
reflecting the regional inclination of the 
topographic surface in the central part of 
the Western Siberian lowland. The excep- 
tions are in certain areas usually connected 
to the edge of the step, where there are 
local outcrops of the basement and associ - 
ated brachyanticlinal structures in the Meso- 
zoic mantle, as for example in the vicinity 
of the village of Luchinkino and elsewhere. 


Changes in the magnitudes of the dip 
angles and individual step-like downwarping 
of the Paleozoic basement have repeatedly 
been pointed out in many papers dealing with 
various parts of the eastern Urals slope and 
the Transural area. The existence of similar 
steps has also been established by seismic 
and geologic investigations along the southern 
edge of the Western Siberian lowland and in 
the Petropavlovsk, Assanov, Tokushin, Yakov- 
lev, Ravkin and other areas. Here the steps 
are from 60 to 300 m high. On the eastern 
slope of the urals S.D. Rabinovich has 
pointed out a step between the Southern 
Sos'va and the Tura Rivers, south of the 
main Sos'va, with a drop of more than 350 
m in the depth of the Paleozoic base. 


There can be no doubt of the existence 
of two steps on the Kamyshlov parallel -- 
the Kamyshlov and the Tyumen’ steps. Thus, 
for example, a drill hole to a depth of 
2,250 m in the vicinity of Tyumen’ has still 
not revealed the folded Paleozoic basement, 
whereas 9 km farther west another hole 
shows that the basement here is at a depth 
of 1,400 m. 


Consequently, such ruptures in the base- 
ment complex, accompanied by increases in 
the dip angles (or fold-like flexures) in the 
Meso- and Cenozoic beds, decreases in the 
thickness and sometimes even omission of 
several stratigraphic horizons from the sec- 
tion of the sedimentary mantle, may here 
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be considered as a rather widespread phe- 
nomenon. Data obtained from drilling .testify 
that the individual steps or blocks shown on 
the map are each characterized by a different 
degree of completeness and thickness of the 
Meso- and Cenozoic section; in general, these 
increase from one step to another as one 
moves eastward (Fig. 2). 


The largest steps, both in extent and ver- 
tical amplitude, are those which lie in the 
longitudinal direction parallel to the Urals. 

It is interesting to note that in a number of 
cases these lie on the continuation of the 
boundaries between the main structural geanti- 
clinal and geosynclinal zones that have been 
distinguished within the exposed Paleozoic 
deposits of the Urals. Thus, for example, 

on the extension of the fault that separates 
the greenstone geosynclinal and the Ural- 
Tobol'sk geanticlinal zones, there is a step 
that can be traced northward for about 200 
km, from the latitude of the Lobva River to 
the village of Burmantovo. A similar step 
(no less than 200 km long) may be observed 
along the Chelyabinsk graben and farther 
south; this may possibly be connected with 
the boundary between the Ural-Tobol'sk 
geanticlinal and the Ayat geosynclinal zones. 
The neighboring Kamyshlov step in all prob- 
ability lies along the continuation of the east- 
ern boundary of the Ayat synclinal zone, 
indicating that there is one of the great 
buried faults here as well. Thus it may be 
assumed with a great degree of probability 
that certain regional steps running in the 
north-south direction may be associated with 
very deep-seated faults that separate the dif- 
ferent structural zones in the Paleozoic Her- 
cynian basement. Steps extending in other 
directions -- that is, parallel or subparallel 
to the lines of latitude -- are of secondary 
importance; these determine the various de- 
grees of subsidence of the north-south tec- 
tonic zones along their trend, as for example 
the sharp downward slope toward the north 
of the Ural-Tobol'sk zone at the latitude of 
the Tura River and of the Ayat zone at the 
Techa River, etc. 


It must be mentioned in passing that the 
large latitudinal steps located between the 
Pyshma and the Tura Rivers (Fig. 1) are 
shown by V.K. Bugailo's material, on the 
basis of geophysical data, as circumscribing 
such structures. It may be assumed that the 
continuation of these steps is not a matter 
of chance, and apparently follows the line of 
latitude along which a number of major struc- 
tural zones of the Urals (the Alapayev-Sinar 
and the Ural-Tobol'sk) begin to be submerged 
beneath the Mosozoic mantle. 


The development of such a system of 
longitudinal and latitudinal steps, which 
doubtless took place over quite a long period 
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of time, caused the formation of the flexure 
observed in the Meso- and Cenozoic beds and 
also controlled the different thicknesses and 
the completeness of the stratigraphic sections 


of the mantle deposits all the way down to the 


Paleozoic. 


In addition to the step-faults that compli- 
cate the Paleozoic basement in the zone of 
development of buried folds of the Ural type, 
mention must be made of the existence of a 
large number of structures called grabens, 
which are very widespread and extremely 
characteristic of this area. These have been 
encountered almost directly next to the out- 
crops of the Paleozoic, stretched out parallel 
to the trend of the Ural folding. The grabens 


vary greatly in size; they are filled, as men- | 


tioned above, by dislocated deposits of vari- 
ous ages beginning with the Rhaetian-Liassic 
in the Chelyabinsk district in the south and 
ending with the Early Paleogene in the Mars- 
yat and Ivdel' districts in the north. 


The grabens on the eastern slope of the 
Urals, as may be seen from the map, do not 
follow any one tectonic line but are rather 


associated with the parallel block-faults along 


which the different parts (steps of the eastern 
slope of the Urals sank downward at various 
times; this is confirmed by the fact that the 


grabens are filled with formations of various | 


ages. 


Thus, the grabens of the Chelyabinsk zone 
of faults are filled with Rhaetian-Liassic 
deposits, whereas the Marsyat grabens, which 
are filled with Upper Cretaceous and Paleo- 


gene deposits, follow the line of faults farther} 


west, along which the downward movement 
took plate at a later time in geologic history. 


The second belt of grabens is shown on 
the map in the so-called Tobol'sk tectonic 
zone that runs from Tobol'sk along the Tobol 
River upstream to Yalutorovsk and farther 
south. This zone is associated with the 
western branch of the Kazakhstan anteclise. 
Here, according to information from I. P. 
Karasev, D.B. Tal'virskiy and others, the 
Mesozoic blanket contains brachyanticlinal 
structures connected with arches that trend 
northeast. Drilling and seismic work have 
established the existence of a number of 
ridges and valleys in the basement surface 
in this area; on the ridges the Paleozoic is 
directly overlain by marine deposits of the 
Meso- and Cenozoic mantle, of various ages 
from the Jurassic to the Aptian inclusive, 
while the hollows between the ridges contain 
a complex of volcanogenic-sedimentary for- 
mations of probable Permian-Triassic age 
which are extremely thick and apparently no 
different from the complex of varicolored 
deposits in the lower part of the section 
uncovered by the Tyumen’ drill holes and at 


V. N. SOBOLEVSKAYA 


<ushmurun. According to geophysical data, the 
thickness of this complex and, consequently, 
the depth of the hollow is more than 2,500 to 
3,000 m. In many places holes drilled deeper 
than 2,500 m failed to reach the Paleozoic 
rocks. 


On the buried ridges the surface of the 
Paleozoic lies at depths of about 900 to 1,000 
nm. These great fluctuations in the hypsomet- 
ric level of the Paleozoic basement (as much 
4s 1,500 or more meters in places no more 
than 5 km distant from each other) force one 
to believe that the arches and troughs in the 
Meso- and Cenozoic mantle correspond in the 
pasement not to a system of arches and 
iroughs, as is sometimes thought, but to a 
number of grabens filled with Permian-Trias- 
sic deposits and separated by horsts of the 
Paleozoic basement. 


Sudden downward plunges, suggesting the 
=xistence of grabens in the Paleozoic base- 
ment in this area, have been encountered on 
the eastern flanks of the Zavodoukov, the 
<omissarov and many other structures, where 
within distances of about 2 to 3 km the level 
of the basement complex drops from 900 to 
more than 2,500 m. 


The Tobol'sk zone of grabens can appar- 
ently be traced still farther south, along the 
western edge of the Kazakhstan massif, as 
far as the latitude of the Kustanay arch, 
where, in addition to the Kushmurun depres- 
sion filled with Permian-Triassic deposits, a 
large number of grabens has been found east 
ind northeast of the latter, filled to a thick- 
1ess of more than 1,000 m with younger, 
sarboniferous strata of the Middle and Lower 
lurassic. 


The grabens in this zone, which are evi- 
jently connected with faults, are terminated 
n the west by the Kazakhstan massif. The 
‘irst group of grabens, in the area of the 
dercynian structures of the Urals, follows 
mn almost longitudinal trend parallel to the 
Jrals. The grabens of the second group have 
in essentially different trend, since all the 
structural lines here run northeast, evidently 
reflecting the characteristic trend of the 
<azakhstan folded structures. 


All that has been said above suggests that 
he connection between the Hercynian struc- 
ures of the Urals and the more ancient 
structures must be sought here, within the 
[fyumen'-Kushmurun depression. 


It may be noted in passing that the gradual 
jlownward slope of the Kazakhstan massif 
oward the north can be seen not only from 
he structure contours as shown on the map, 
mut also from direct geological observations. 
Wrilling in the Pritobol'sk zone, for instance, 
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has shown that as one moves northward the 
raised blocks of the basement complex 
("arches") are covered directly by Mesozoic 
deposits of increasing ages. 


Ill 


In summing up all that has been said 
above, the following basic features may be 
noted in the structure of the Paleozoic base- 
ment of the territory under investigation up 
to the beginning of the Mesozoic stage of its 
development. 


The greater part of this territory evidently 
contains Hercynian structures of the Ural 
type; only the southeastern corner is made 
up of the Caledonian or Early Hercynian 
Kazakhstan massif with its buried northern 
extension. 


The highly metamorphosed granite gneisses 
discovered by drill holes in the vicinity of 
the village of Berezovo are not sufficient basis 
for distinguishing a separate area here with 
a Precambrian basement, as some authors 
assume. These granite gneisses are more 
probably the nuclei of Hercynian anticlinal 
folded structures. 


The geosynclinal development of the terri- 
tory under consideration ended at the close 
of the Paleozoic. The beginning of the plat- 
form stage of its history was characterized 
by long-lasting continental conditions, from 
the end of the Permian through the first half 
of the Paleozoic to the Middle Jurassic inclu- 
sive. 


At this time, the Paleozoic rocks were 
broken by a system of longitudinal and lati- 
tudinal faults accompanied by the formation 
of grabens and the filling of the latter by 
continental deposits of the Upper Permian 
and Lower MesoZoic. 


Ultimately, as a result of the subsidence 
of the central part of the Western Siberian 
plate, there was a gradual involvement in the 
subsidence of the individual blocks that had 
been broken off by faults, thus causing a 
gradual westward transgression of the sea. 


The times at which the individual blocks 
were drawn into the subsidence, and the cor- 
responding pieces of dry land were covered 
by the marine transgression, may be deter- 
mined by studying the lateral boundaries of 
the deposits of various Meso- and Cenozoic 
horizons. 


Throughout the whole Meso- and Cenozoic 
history of the territory investigated, the 
northern continuation of the Kazakhstan massif 
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(the Kazakhstan anteclise) remained relatively 
uplifted, forming an extremely stable and 
long-developing positive structure. 


Thus the factual material available at the 
present time suggests that the Paleozoic 
folded structures were not part of the surface 
relief of the Paleozoic basement, of the Pri- 
ural part of the Western Siberian plate. This 
applies to both the subsidiary anticlinal and 
synclinal structures and to the great anti- 
clines such as those of the geotectonic zones 
of the Urals. 


In the formation of the surface relief of 
the Paleozoic basement, one important factor 
was undoubtedly the presence of a system of 
faults whose main directions were oriented 
along the trend of the Paleozoic folding. Dif- 
ferent portions were involved in movements 
in either direction along these faults, how- 
ever, regardless of their internal anticlinal 
or synclinal structures, so that there is no 
basis for thinking that these structures in the 
lower structural stage (the basement) could 
have been developed subsequently (by succes- 
sion) in the mantle of the platform. 


Such a view of necessity involves the 
practical conclusion that the uplifted part 
of the basement disclosed by a study 
of the structures in the loose covering 
deposits is not necessarily an anticlinal 
structure with favorable prospects for gas 
and oil. 


In conclusion, it would be desirable 
to touch on still one more question -- 
the structure of the young Paleozoic plat- 
forms. 


Certain investigators, who divide the 
sedimentary mantle into two structural 
stages (without sufficient basis in fact, in 
the present author's opinion), find in this 
two-stage structure one of the chief dis- 
tinctions between young epi-Paleozoic plat- 
forms and older ones, since in their view 
the sedimentary mantle covering the Pre- 
cambrian platforms has only one structural 
stage. 


In the Western Siberian plate at the pres- 
ent time there is no known part in which 
such a two stage structure of the mantle 
extends over any considerable area. If, how- 
ever, dislocated Permian-Triassic strata 
are found anywhere within the limits of a 
major structural element of the earth's 
crust (a plate or at least a syneclise) to be 
covered by horizontal deposits of the Upper 
Mesozoic or the Cenozoic, the conclusion 
should probably be drawn not that the struc- 
ture of the mantle has two stages, but that 
there is a folded basement of younger, Early 
Mesozoic age. 
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THE QUATERNARY GLACIATION IN WESTERN TUVA 
AND THE EASTERN PART OF THE GORNY ALTAY 


by 


N. A. Yefimtsev 


This article presents a preliminary regional stratigraphic subdivision of the Quaternary 
deposits of Western Tuva and the eastern part of the Gorny Altay, with a brief account of the 
supporting data. Features of past glacial history are analyzed and the conditions under which 


the fluvioglacial deposits form are examined. 


x ok x 


From 1953 to 1956 the present author 
made a study of the mantle of Quaternary 
deposits on the Shapshal’ Ridge and its spurs, 
including the Prishapshal' part of the Gorny 
Altay, and also the ridges of Western Sayan 
and the Chikhacheva Ridge and the Mungun- 
Tayga massif in the extreme southwestern 
part of Tuva (Fig. 1). In addition to the ex- 
tensive development of glacial formations, 
the subdivision of the Quaternary deposits in 
this territory depends to a considerable de- 
gree on the solution to the problem of the 
glaciations, which in the Altay-Sayan moun- 
tain region has up to this time not been 
agreed upon: for example, various investi- 
gators distinguish from one to four glacial 
stages. This circumstance is the cause of 
the fact that most of the attention has had to 
be devoted to the problem of the Quaternary 
glaciation, which in turn is closely associated 
with the problems of distinguishing the dif- 
ferent genetic types of Quaternary deposits, 
especially in view of the extensive distribu- 
tion of pseudo-glacial deposits in the moun- 
tain regions. 


The glaciation in the Shapshal' Ridge and 
the ridges of Western Sayan were treated in 
the 1930's by P.M. Tatarinov, V.A. Kuznet- 
sov, K.S. Filatov [28], K.1. Postoyev [21] 
and Z. A. Lebedeva [13]. These investigators 
distinguished two glaciations in this area, 
considering the first to be semi-continental 
and the second to be of the mountain type. 

In postwar and most recent years the Qua- 
ternary deposits of Western Tuva as a whole 
have been studied by L.D. Shorygina [30] and 
I.G, Nordega. New information has also been 
compiled by V. Ye. Kudryavtsev, B.F. Sel- 
vesyuk, G.I. Ivanova, G.G. Bel'skiy and 
others. L.D. Shorygina, mainly on the basis 
of data from the Western Tannu-Ola Ridge, 
has discerned three glaciations in Western 
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Tuva, one of which is Early Quaternary; I.G. 
Nordega and I.S. Gudilin see a single glacia- 
tion -- Middle-late Quaternary -- for the 
entire territory of Tuva. 


The glaciation and the relief of the western 
slope of the Shapshal' Ridge and the adjacent 
parts of the Gorny Altay have been studied 
by many investigators [4, 10, 19, 26]. In 
recent years these problems have received 
much attention from the geologists of the 
All-union Aerogeologic Trust (VAGT) -- O.A. 
Rakovets, I.I. Belostotskiy, I. F. Pozhariskiy, 
V. Ye. Gendler, G.A. Schmidt, Ye: V. Dev- 
yatkin, S.R. Mayzelis, T.S. Belyayeva and 
others. The problem of the former glaciation 
of the Gorny Altay as a whole occupies a 
large place in Ye. N. Shchukina's investiga- 
tions. The majority of the above-named 
investigators distinguish two glaciations in 
this part of the Gorny Altay, G. Grane sees 
three and Ye. N. Shchukina four, of which 
one is Early Quaternary. 


The formation of the Quaternary mantle in 
this territory has been determined basically 
by the relief of the topography, whose devel- 
opment completely reflects the nature and 
the direction of the most recent tectonic 
movements. Two generations or stages emerge 
quite clearly from a subdivision of the relief 
of most of the territory: a poorly dissected 
ancient topography (residual) elevated to a 
height of 2,000 to 3,000 m, and a more-or- 
less strongly dissected erosional and erosion- 
al-glacial (Alpine) relief. The ancient topog- 
raphy, which has often been called a pena- 
plane, was not that of a flat plain, but had 
gentle mountain features with broad valleys 
sometimes cut down to depths of 400 to 600 
m and gently-sloping interstream divides. 
This weakly dissected territory contained 
some individual dome-shaped monadnocks 
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Fig. 1. Map of the last stage of glaciation in Western Tuva 
and the eastern part of the Gorny Altay. 

] -- glaciers; 2 -- terminal moraines; 3 -- recessional moraines; 4 -- areas of the 
most widespread occurrence of eskers, kames, kame terraces; 5 -- areas of the most wide- 
spread distribution of fluvioglacial deposits; 6 -- main directions of ice movements; 

7 -- present-day glaciers; 8 -- terminal moraines of the next to the last stage of glacia- 


tion. 


Eri-Tayga, Kurkure, Kiyty) whose relative 
eight was 1,000 m or more and whose di- 
meter was from 10 to 20 km, along with 
ow ridges usually composed of granites. 
considerable areas of this residual topogra- 
Ihny have been preserved in many places in 
he territory under consideration, especially 
he eastern part of the Gorny Altay. 


The highest parts of the ridges and mas- 
ifs (as much as 3,000 to 4,000 m) usually 
lave a strongly dissected relief. Intensive 
xaration by glaciers has given them a typi- 
al Alpine appearance. Areas have been 
mcountered, however, that are extensively 
lissected by ordinary erosion, as well as 
ess elevated (up to 2,000 to 2,500 m) areas 
yhere there is no manifestation of glacial 
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activity. These are usually situated along 
the valleys of the largest rivers (such as 
the Alash). 


The territory under consideration is 
composed primarily of Paleozoic sediment- 
ary and sedimentary-extrusive rocks cut 
by granitoid intrusions. Structurally, these 
form a complex system of folding belong- 
ing to the Caledonian cycle. The ancient 
structures typically have almost no effect 
on the present topography. Although the 
prevailing trends of the structures are 
northeast (in Tuva) and northwest (in the 
Altay), the chief ridges are roughly par- 
allel to the longitude (the Shapshal' and 
Chikhacheva) or the latitude (the Sayan 
Ridge) (Fig. 1). 
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The lithology of the rocks of the region 
had a considerable effect on the formation of 
the Quaternary mantle. This was facilitated 
by the great resistance to erosion of the 
granitic clastic material, despite the small 
area of the intrusions, so that this played a 
large role in the formation of the Quaternary 
deposits, especially glacial and alluvial. This 
was also facilitated by the fact.that the gran- 
ites are usually associated with the highest 
parts of the ridges, which are subjected to a 
greater amount of denudation. 


The oldest Cenozoic deposits are the 
alluvial carboniferous formations (up to 40 m) 
in the ancient Dzhulukul’ ravine! in the foot- 
hills of the Shapshal' Ridge at an elevation of 
2,200 m (on the upper reaches of the Karga 
River). These are a group of cross-bedded 
gray (with dove-colored tones) polymict sands 
and sandy loam, containing lenses of coarse 
gravelly sand and sand mixed with clayey 
loam, and thin (0.5 m) layers of brown coal 
with carbonized wood remains. The sands 
are disrupted, dipping mainly 30° to 35° from 
the ridge. The bottom of this group of beds 
has not been exposed. 


S.N. Naumova and O.V. Matveyeva have 
identified the following conifer pollens in the 
lignite and clayey loam interbeds (specimens 
collected by the present author in 1955): 
Tsuga, Abies, Picea, Pinus, Keteleeria, 
Torreya, Taxodium (single occurrence), and 
Podocarpus (single occurrence), and the 
following angiosperm pollens: Alnus, Betula, 
Carya, Pterocarya, Corylus, Salix, Tilia, 
and Cyperaceae (7). 


S.N. Naumova and O.V. Matveyeva attrib- 
ute the formation of these deposits to the 
Late Miocene - Early Pliocene. 


Above these (possibly after an erosional 

interval, which could not be discovered) lie 

a group (up to 20 m) of yellowish-brown 
cross-bedded alluvial sands and sandy loam 
with cobbles and boulders up to 0.5 m in 
diameter. This alluvium bears traces of later 
weathering in the form of cobbles and boul- 
ders up to 0.5 m in diameter. This alluvium 
bears traces of later weathering in the form 
of cobbles and boulders that have been weath- 
ered and disintegrated to the point of becom- 
ing friable. No pollen was found in these 
deposits. There are similar alluvial forma- 
tions in the terraces of the valleys belonging 
to the Ustyu-Ishkin, Alash, Ustu-Gimate, 
Mogun-Burun', Alty-Gimate and other rivers. 


‘The Dzhulukul' ravine is the northern part of 
the basin of the same name, which corresponds 


to the upper parts of the Chulyshman and Karga 
valleys. 


54 


The lack of paleontological data makes it 
difficult to determine the age of these depos- 
its, but such features as the considerable 
weathering of the material and the yellowish- 
brown color due to this, their occurrence on 
the Miocene-Pliocene carboniferous deposits 
and their disrupted state point to the Pliocene | 
age of these deposits. The fact that they are 
preserved as fragments in the terraces of 
relatively deep present-day mountain valleys 
may, in the author's opinion, serve as a 
certain basis for assigning them to the late 
Pliocene. 


On the basis of V.I. Gromov's subdivision 
of the Quaternary system, these supposedly 
Upper Pliocene alluvial deposits would be 
assigned to the bottom division of the system- 
the Eopleistocene (Table 1). This agrees gen- |) 
erally with the views of L.D. Shorygina [30], | 
Ye. N. Shchukina, G.F. Lungersauzen and 
O. A. Rakovets [14]. These investigators 
began much earlier to assign similar depos- 
its of Western Tuva and the Gorny Altay 
to the Quaternary system -- to its Lower 
Pleistocene division in the subdivision of 1932. 


The Eopleistocene alluvial deposits are 
usually found in terraces from 30 to 100 m 
and are primarily yellowish-brown sandy 
weathered gravels with boulders up to 1.5 m 
in diameter (in the Alash valley) or sands 
with a small percentage of gravels and boul- 
ders (in the Karga valley). The thickness of 
the deposits vary from 2 to 3 m (3 m inthe 
Ustyu-Ishkin River terrace) to 20 m (in the 
Ustu-Gimate River valley). These fairly large 
accumulations of alluvium typically occur 
within relatively small areas in the remains 
of terrace bases. In most cases only a few 
cobbles and boulders are preserved on their 
surfaces (in the valleys of the Ustyu-Ishkin, 
the Alash and other rivers). 


The Eopleistocene is also probably the 
age of the proluvial deposits that make up 
the lower part of the section in the large 
proluvial aprons and cones composed of 
yellowish-brown or red-brown gravelly clay 
and sandy loams and sometimes plastic clays 
(in the Khondelen and Alash River valleys). 
In similar deposits in the Rudnoy Altay pol- 
len have been found that date them in the 
Pliocene [25]; it may be assumed that these 
deposits belong to the top of the Pliocene -- 
that is, to the Eopleistocene. The Eopleisto- 
cene is evidently also the age of the breccias 
of proluvial origin along the southern ridge 
of the Tsagan-Shibetu, on the lower reaches 
of the Karga River, and on the left bank of 
the Khemchik valley between the mouth of 
the Alash and the village of Aldyn-Maadar. 


There are no glacial formations of this 
age in the territory under consideration. It 
is true that the yellowish-brown deposits of 
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Table 1 


A Preliminary Stratigraphic Subdivision of the Quaternary (Anthropogene) Deposits of 
Western Tuva and the Eastern Part of the Gorny Altay 


System Series | Stage 


Deposits 


Terminal moraines of recent glaciers 

Proluvial cones connected with river valleys (gray sandy and 
clayey loam with gravel) 

Alluvium of low and high river valleys (gray boulder conglom- 
erates and conglomerates with boulders) 


Holo- 
cene 


Recessional moraines 

Moraines of the last glacial stage: terminal, lateral and 
ground moraines 

Fluvioglacial deposits of the last glacial stage -- intra- 
glacier (sands, boulder sands) and extra-glacier (boulder 
conglomerates and conglomerates with boulders) 

Lacustro-glacial deposits of the last glacial stage (horizontally 
bedded clay sandy loams and sands) 

Proluvial cones connected with river-valley terrace I (gray 
sandy and clayey loams with gravel) 

Alluvium of river-valley terrace I (gray boulder conglom- 
erates and conglomerates with boulders) 


Upper 


(tad 


Middle 


Pleis- 
tocene 


Quaternary (Anthropogene) 


boulders) 


iis boulders) 


Eopleis- 
tocene 


Terminal moraines of the next to the last stage of glaciation 

Deluvial-alluvial gravelly sandy loams with Elephas primi- 
genius of the early type 

Alluvium of river-valley terrace II (gray conglomerates with 


Proluvial cones connected with river-valley terrace III (gray 
sandy and clayey loams with gravel) 


Alluvium of river-valley terrace III (gray conglomerates with 
Proluvium (yellow-brown sandy and clayey loams with gravel, 


red-brown clays with rounded and angular gravel 
Alluvium (weathered yellow-brown gravels with boulders) 


Tale 


Neo- 
gene 


Alluvium of buried drainage system (greenish-gray carbon- 
iferous sands and sandy loam with numerous remains of 
wood). The pollens contain a predominance of Tsuga, 
Picea, Carya, Pterocarya. 


the Kubadru River valley (the left tributary of 
the Bashkaus) in the adjacent part of the Gorny 
Altay have been identified by Ye. N. Shukina 
as the moraine of the Early Pleistocene (Bash- 
kaus) glaciation. A study of the section of 
these deposits by the present author, how- 
ever, has shown that it is entirely composed 
of well rounded boulders and cobbles, without 
any angular fragments; the cement contains 
sand and gravel, the granulometric composi- 
tion of the deposits changes markedly to 
smaller sizes along the valley (the maximum 
size of the boulders, for example, decreases 
from 1 to 0.5 m in a distance of 11 km), 

the whole stratum (up to 40 m) has a dis- 
tinctly layered character due to the presence 
of lenses of sand and fine gravel, and there 
is a considerable concentration of pollen 
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(single specimens, according to Ye. N. 
Shchukina). All this testifies to the alluvial 
origin of these deposits; the large proportion 
of weathered material, which is also stressed 
by Ye. I. Shchukinu (according to her, the 
limestone cobbles and boulders are altered 
to marshallite), along with the presence of 
pollen of representative Late Tertiary flora, 
indicate that the deposits are of Eopleisto- 
cene age. In other words, it is impossible 
to agree with the Early Pleistocene glaciation 
discerned by Ye. N. Shchukina in the deposits 
of the Kubadru River valley. 


The Pleistocene deposits differ from the 
Eopleistocene in the absence of weathered 
material, their good state of preservation 
and their gray color. Their interrelationships 
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with the deposits of the Eopleistocene show 
no manifestation of any stage of tectonic 
activity at the border between the Eopleisto- 
cene and the Pleistocene. ‘ 


The Pleistocene deposits can be quite 
clearly divided into glacial deposits, con- 
temporary non-glacial and pre-glacial depos- 
its. The age of the glaciation, .as determined 
by the fauna of the Upper Paleolithic complex, 
is no earlier than the middle of the Middle 
Pleistocene, according to V.I. Gromov's in- 
vestigations [5]. There were two stages of 
glaciation -- the next to the latest and the 
latest. 


The Lower Pleistocene deposits are diffi- 
cult to distinguish from those of the lower 
half of the Middle Pleistocene, and are thus 
considered together with them (Table 1). The 
alluvial deposits of this age have a typically 
limited distribution, which is due to the great 
amount of erosion by rivers during the period 
of glaciation, as a result of which the pre- 
glacial -- super-floodplain -- terrace III and 
all the older ones were almost completely 
destroyed. The alluvial remnants of super- 
floodplain terrace III are usually thin beds of 
gravel or boulder gravel. This interval of 
time was characterized by relative lowering 
of the individual foothill areas, so that the 
alluvium of this age lies directly on Eopleis- 
tocene alluvium (in the valleys of the Rivers 
Mogun-Buren', Ustu-Gimate and others) 

(Fig. 2). It is frequently less coarse than 
the alluvium contemporaneous with the glaci- 
ation. The differing heights of the terraces 
of the same age in different valleys, and 
sometimes in the same valley, as well as 


Fig. 2. Diagrammatic cross section of the 


Ustu-Gimate River valley. 


| -- yellowish-brown alluvial conglomerates 
with boulders (Eopleistocene); || -- gray allu- 
vial boulder conglomerates (bottom and lower half 
of the Middle Pleistocene); 111 -- moraine from 
last glaciation (Upper Pleistocene); IV -- river- 
ee bss boulder gravels (Holocene); V -- shales 
Pes 
z 


the difference in their amounts resulting from 
the above-mentioned erosion by the rivers of 
the glacial period, make their correlation 
very difficult. In each specific case the age 
of the alluvium of the terrace must be deter- 
mined independently from a whole complex 
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of indications. 


The proluvial deposits of the Early and 
early Middle Pleistocene, which are some- 


times of great thickness, lie on the yellowish- 


brown Eopleistocene alluvial and proluvial 
formations (on the upper reaches of the Karga 
River and in the Khondelen River valley). 
These in turn are covered in some places by 
the terminal moraines of the next to the last 
and the last stagés of glaciation (in the val- 
leys of the Tolayta, the Arta-Shigetey and 
the Askhatiin-Gol Rivers in the extreme 
southwest of Tuva); they are proluvial depos- 
its of large- and small-grained gravel in 
clayey and sandy marls, whose predomi- 
nantly gray and dark gray color is due to 
the color of the original material. The ab- 
sence of glacial deposits of the Early and 
lower half of the Middle Pleistocene makes 

it impossible to suppose that there was any 
glaciation during this time. 


The deposits of the upper half of the 
Middle and of the Late Pleistocene include 
alluvial, proluvial and all the formations 
of glacial and combined glacial-aqueous 
origin. 


The alluvial deposits of this age make up 
the super-floodplain terraces II and |; they 
are composed primarily of gray boulder 
gravels. The sizes and compositions of the 
boulders in them vary according to the mor- 
phology of the valleys and the strength of the 
water currents in them and to a considerable 
degree on the rock composition (boulders of 
shale are very rarely encountered). Super- 
floodplain terrace II has been preserved only 
in a few individual valleys; in the Barlyk 
River valley, for example, along with the 
accumulative, most widespread super -flood- 
plain terrace I which is 3 to 5 m high, there 
are considerable traces of accumulative (in 
some places erosional-accumulative) super- 
floodplain terrace II, 12 to 15 m high. This 
may also be traced along the left tributary 
of the Barlyk -- the Bol'shoy Ak-Khem River. 
On the left bank of the latter the level of 
super -floodplain terrace II corresponds to 
the deluvial-alluvial deposits of the Chingekat, 
which contain super-floodplain terrace I. In 
these deluvial-alluvial deposits of the mouth 
of the Chingekat Stream, at a depth of about 
7 m, local workers in 1956 discovered a 
tooth identified by V.I. Gromov as that of 
Elephas Primigenius of the early type. This 
early mammoth, according to V.I. Gromov 
[6], existed from the second half of the 
Middle Pleistocene; thus this find approxi- 
mately establishes the age of super-floodplain 
terrace II as the second half of the Middle 
Pleistocene. 


Super -floodplain accumulative terrace I, 
whose height averages from 3 to 12 m 
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(considering the intermediate level between it 
and the floodplain as a high floodplain), with 
few exceptions occupies a prominent position 
in the river valleys. The clear connection 
between the terrace and the terminal moraines 
indicates that it is contemporaneous with the 
last phase of glaciation (Fig. 6). In the east- 
ern part of Tuva, according to investigations 
by I.S. Gudilin and others, the terrace depos- 
its connected with terminal moraines contain 
remains from the Upper Paleolithic faunal 
assemblage. All this serves as a basis for 
assigning this terrace to the Late Pleistocene. 


The proluvial deposits of the upper half of 
the Middle and of the Late Pleistocene are in 
most cases quite clearly subdivided. Where 
the terrace dating from the time of the glaci- 
ation is enclosed by older alluvial or proluvial 
deposits, the river-valley proluvial cones con- 
nected with it as well as with the base are 
also enclosed. In these cases their area is 
smaller than that of the older deposits. In 
valleys where this terrace is not set into an 
older bottom, because of the tectonic peculiar - 
ities of the area (which is the case, for ex- 
ample, in the upper Karga valley, the lower 
part of the Oyuk-Khem tributary and in many 
places in the Khemchik River valley), the 
extensive proluvial aprons are superimposed. 
There is no essential difference in composi- 
tion and structure between the proluvial 
deposits of this age and the older ones. 


The deposits left by the ice and the 
streams of water associated with it will be 
discussed below, along with the problems 
involved in the glaciation. 


The holocene deposits in the territory 
under consideration include alluvium of flood- 
plains (low and high),’ talus, especially in 
glacial troughs and cirques, and deposits of 
proluvial cones associated with floodplains. 
The formations of this age usually have a 
limited distribution. 


The nature, position and interrelationships 
of the briefly analyzed Neogene-Quaternary 
deposits and the morphologic peculiarities of 
the territory under consideration suggest a 
definite picture of the development of its sur- 
face relief during this time. Thus the com- 
plete absence of cobbles and boulders in the 
above-described carboniferous strata (Upper 
Miocene - Lower Pliocene), which occur at 


1 The high floodplain may have been formed at 
the end of the Late Pleistocene; the data for a 
final solution of this problem is not available. 


the bottom of the southern slope of the Shap- 
sal' Ridge in the area of the vestigial Dzhulu- 
kul' ravine, indicates that this area had a 
very flat relief during the time of the forma- 
tion of the carboniferous deposits. The Shap- 
sal' Ridge, which now rises steeply 1,000 to 
1,500 m above the weakly dissected surface 
of the vestigial relief, is evidently a younger 
formation, since to judge by the cobbles and 
boulders in the mainly Eopleistocene deposits 
above the carboniferous ones, the ridge began 
to be uplifted in the Middle Pliocene or the 
end of the Pliocene and beginning of the Pleis- 
tocene. This fact, along with the presence in 
the ridge (especially in its continuation, the 
Tsagan-Shibetu ridge) of parts of the poorly 
dissected residual surface, suggests that 
there were movements in the Pliocene which 
caused an essential reordering of the topog- 
raphy. This was accompanied by a partial 
rearrangement of the drainage system, as 
shown by the preservation of remnants of 
river valleys within the ridge which do not 
correspond to the present drainage net (be- 
tween the valleys of the Maganatta and Saylyk- 
hem Rivers, the Kozer and Tashtukhol' Rivers 
and others). 


The Pliocene rearrangement of the topog- 
raphy, which took place against an overall 
uplift of the great Altay-Sayan mountain re- 
gion, was far from affecting the entire region. 
This is testified by the extensive areas of 
morphologically homogeneous, primarily 
medium -elevation (2,000 to 2,200 m) erosion- 
al surface relief, especially in the Alash and 
Ustyu-Ishkin River basins. The very clear 
transitions between river valleys of this sur- 
face relief, on the upper reaches, and those 
of the residual relief, indicate a period in 
which the drainage system was cut into the 
surface. The presence of Miocene-Pliocene 
alluvial deposits in the residual parts of the 
relief (in the Dzhulukul' ravine), and of 
predominantly Eopleistocene deposits in the 
present-day relief (in the Ustyu-Ishkin, 
Alash, Mogun-Buren' and other river valleys) 
shows that this period of incision of the 
drainage net was mainly in the Pliocene and 
Eopleistocene and did not end with the glaci- 
ation, since on the upper reaches of the 
Alash River, in the Dzhulukul ravine and 
other places the dissection left quite large 
areas of residual topography which were then 
preserved by the glaciers. 


This reordering of the topography, as a 
result of which parts of the preserved resid- 
ual river valleys were sharply cut off and 
bent like elbows into new directions (the 
Monaga River valley with Lake Kara-Khol', 
the Myunik River valley and others) was 
evidently accompanied by faulting. This is 
also shown by the steep, high slopes of the 
Shapshal', Tsagan-Shibetu, Chighachev and 
other ridges, with the dislocated Tertiary 
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deposits at their foothills (on the upper 
reaches of the Karga) and thick accumulations 
of proluvium. The faults often appear to be 
inherited, as indicated by the clear corre- 
spondence between the sides of the ridges 

or the new directions of the drainage net and 
the lines of old faults. According to V. A. 
Kuznetsov [11], A.L. Dodin, G.I. Ivanova 
and G.G. Bel'skiy, for example, a zone of 
faults runs along the southern edge of the 
Tsagan-Shibetu and the southern part of the 
Shapshal' ridges. Here Jurassic gravelites 
and conglomerates, pressed between Devonian 
and Silurian deposits, are preserved in a 
narrow belt. Part of the Alash River valley, 
now occupied by Lake Kara-Khol', follows 
the line of a Paleozoic fault, according to 

V. Ye. Kudryavstevy and B.F. Sel'vesyuk. The 
presence of a nearby residual river valley 
indicates that this area was formed at the 
time of the topographic rearrangement men- 
tioned above. The inherited nature of the 
most recent tectonic fault lines is shown by 
the adjacent territory to the east [8]. 


The differential movements of the Pliocene- 
Eopleistocene mark one of the most important 
stages in the history of the topography, which 
owes the main features of its present appear- 
ance to this stage. These movements deter- 
mined the different effects of the exogenic 
processes on the various parts of the terri- 
tory under consideration, so that now one 
may observe two clearly differentiated gener- 
ations in the topography -- a residual, poorly 
dissected relief which is chiefly Tertiary 
(Neogene), and a more-or-less deeply dissec- 
ted erosional and erosional-glacial relief of 
Quaternary age. The above-mentioned move- 
ments do not exclude later ones, which differ, 
however, in not having brought about any 
noticeable reordering of the topography. The 
general plan of dissection of the topography 
at the beginning of the glaciation, for ex- 
ample (with the exception of areas of intensive 
exaration by the ice), was very close to that 
of the present day, and there is no basis 
for supposing that there was any interglacial 
rearrangement of the relief. 


The main factor in the formation of the 
relief of the Altay-Sayan mountain region was 
tectonic movements such as anticlinal uplifts 
with displacements along fault lines; in indi- 
vidual areas these produced a rather clear 
block-structure. It can be shown that the 
latter is very unevenly developed and is typ- 
ical of areas surrounded by ravines (the 
Khemchik and Dzhulukul'), where the differ- 
ential nature of the movements is more 
sharply expressed. 


In certain areas of the Khemchik ravine 
the great thickness of the yellowish-brown 
proluvial deposits of supposed Eopleistocene 
age (more than 100 m around the village of 
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Aktavrak) is an indication of relatively active 
subsidence at this time. Lack of data on the 
total thickness of the ravine's deposits and 

the age of their lower horizon makes it im- 
possible to determine the beginning of their 

formation; this may possibly be in the Paleo- 
gene or even the Mesozoic. | 


The conclusion made here regarding the 
relatively great age of the mountain relief of 
the territory under consideration agrees with 
the opinions of many investigators of the 
Altay and the Sayan [7, 17, 20, 23, 24, 32], 
and stands in opposition to the view that the 
mountain relief of this part of the territory 
is primarily Middle and Late Pleistocene. 


. 


In taking up the problems of the Quater- 
nary glaciation, it must be noted that its 
remnants and traces are extremely well pre- 
served and clear almost everywhere. The 
identification of the erratic material was 
considerably facilitated by the fact that in 
the majority of cases granitic material was 
carried from the center of the glaciation into 
extensive areas of Paleozoic extrusive-sedi- 
mentary rock. The present author has studied 
glacial formations in more than sixty valleys 
of the Yenisey and Oba basins and closed de- 
pressions of the Mongolian People's Republic, 
throughout a quite extensive territory with a 
variety of morphology and climatic conditions. 


Moraines -- terminal, lateral and ground-- 
are the most widespread. Among the terminal 
moraines there are three quite clearly dis- | 
tinguished groups of different ages. The old- 
est of these is found only in the extreme 
southwestern part of Tuva. Thus the termi- | 
nal moraine field of the Tolayta River valley 
(on the southern slope of the Mungun-Tayga 
massif) does not have a uniform relief. The 
typical hill-and-ridge relief of most of its 
area differs sharply from the southwestern | 
end of the moraine field, whose relief is flat 
and wavy, without hills and ridges. This 
part is obviously older than the main part, 
which rises above it in a distinct step 15 to 
30 m high; it could have been formed only 
by long-lasting leveling out of the usual 
terminal-moraine relief. This fact and others 
similar suggest that there was a certain 
earlier stage of glaciation (an earlier phase). 


The second group of terminal moraines is 
the most widespread and appears to be the 
only one in the majority of the glacial val- 
leys. The relief of these terminal moraines 
contains hills and ridges with an amplitude 
up to 20 m. These moraines usually occur 
in more-or-less extensive fields and do not 
have the classic shape of a bank. Depending 
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on the morphology of the valleys and on the 
3izes and motions of the glaciers, the termi- 
ial moraines of this group may have a variety 
Mf areas and thicknesses. In the broad valleys 
of the Kara-Khol' (the right tributary of the 
<antegir) and the Chul'chya Rivers (in the 
Alash basin), for example, they are about 5 
© 6 km long and 1 to 1.5 km wide and have 
2 visible thickness of 30 to 40 m, whereas 

n the narrow valley of the Ulug-Orug River 
he terminal moraine, with an area of 1.5 to 
2 km2, is up to 125 m thick. The most ex- 
ensive terminal moraine fields were left by 
ylaciers in the foothills of the southern and 
western slopes of the Mungun-Tayga massif 
und the Askhatin-Gol valley (Fig. 1). 


The elevation of the terminal moraines of 
his group reveals a regular increase in their 
altitude from northwest to southeast, which is 
saused mainly by the increasing aridity of the 
slimate in this direction. Thus, for example, 
he terminal moraines on the upper reaches 
of the Kantegir and the Alash are at the 
evels of 1,250 and 1,500 m, whereas those 
n the southwesternmost part of Tuva are 
‘rom 1,800 to 2,300 m in elevation. 


The absence of other terminal moraines in 
most of these valleys and the freshness of 
heir shapes suggest that these moraines be- 
ong to the last glacial stage. No traces of 
slaciation appear below the terminal moraines 
Mf this group, so that one may conclude that 
he glaciers of this last phase of glaciation 
wften moved farther than those of the initial 
hase. 


Besides the terminal moraines of the last 
ind penultimate phases of glaciation, one 
nore terminal moraine may be traced in the 
Ipper reaches of certain valleys, especially 
n southwesternmost Tuva and to the west of 
he Shapshal' Ridge. In the valleys of the 
Mungun-Tayga massif this moraine shows a 
ew traces; it is made up primarily of thin 
some 10 to 20 m) morainal deposits with a 
rently hilly relief. In the Chulyshman basin 
hey are not essentially different from the 
erminal moraines of the last phase of glaci- 
ition; they form the dams containing many 
akes, including such large ones as Ity-Kul' 
m the upper reaches of the Chul'chya and 
tri-Kul' in the Suu-Katar valley. This upper 
erminal moraine is lacking in most of the 
alleys of Western Tuva; this is evidence 
hat it is, actually, a recessional moraine. 
[fhe recessional moraines were formed under 
such conditions of degradation of the ice of 
he last glacial phase that a major factor 
vas the individual movements of the glaciers 
is determined by the glacier's source of 
supply, the slope of the glacier's channel, 
he exposure, the absolute elevation, etc. 
‘he combination of these factors determined 
he different glacial conditions which produced 
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either a single terminal moraine or else 
from one to four recessional moraines in 
addition to the terminal moraine of the last 
phase [9]. 


The moraines enumerated above do not 
differ generally from each other in the type 
of material composing them. They are all 
made up primarily of sandy loam with a cer- 
tain amount of coarse material. The content 
of the pelitic fraction (particles < 0.01 mm) 
varies from 5 to 20 percent; the greatest 
content is found in moraines formed mainly 
from Paleogoic shale and sandstone strata. 
In most cases, however, there is a predomi- 
nance of granitic material in the moraines. 
The coarse material consists chiefly of un- 
rounded or poorly rounded rock fragments 
(the largest blocks in the moraines, which 
are for the most part granite, reach 5 to 7 
m in diameter). Along with these, there is 
always rounded material in the form of cob- 
bles and boulders, both scattered and in 
lenses; their presence is the result both of 
the work of ice-water streams and of the 
accumulation of preglacial valley alluvium by 
the glaciers. The amounts contributed by 
these two sources are far from equal, how- 
ever; only in the terminal moraines of gla- 
ciers that have emerged into the foothills 
may one find a certain percentage of pre- 
glacial alluvium, whereas the glaciers that 
ended in narrow valleys contained ice-water 
streams and the rounded material in the 
moraines is due entirely to their activity. 


The moraines in the valleys of the differ- 
ent basins are almost the same in color -- 
they are generally ash-gray throughout the 
area (ranging from light ash-gray to gray). 
The boulders in the moraines typically lack 
any strongly marked banding. There is no 
weathered material in the moraines, with the 
exception in a few rare cases of assimilation 
of Eopleistocene alluvium (in the Chulyshman 
valley, above the right tributary of the Sred- 
nyy Kulash). The thickness of the terminal 
moraines varies from 40 to 60 m in the 
majority of cases to 100 m or more in some 
moraines (in the Ulug-Orug valley). 


Such typical features of the moraines as 
the absence or poor development of bedding, 
the predominance of unrounded fragmenta] 
material along with a considerable content of 
cobbles and boulders with fluvial type round- 
ing, the lack of orientation in the fragmental 
material, and the considerable content of 
argillaceous matter make it possible to deter- 
mine the genetic type of the moraine correct- 
ly in most cases. Only a full examination of 
the whole complex of indications both in the 
moraine itself and the glacier's period of 
activity in the valley, however, will guaran- 
tee complete reliability in this determination. 
For example, no other genetic types of 
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Quaternary deposits will produce such typical 
crest-like shapes as are formed by the ero- 
sion of moraines. The morainal relief is no 
less diagnostic in the majority of cases. 


In all the valleys, along with the terminal 
moraines of the last phase of glaciation, one 
may with various degrees of distinctness 
trace lateral moraines which are basically 
composed of the same material as the termi- 
nal moraines. These look like crumbling ter- 
race steps, of which the most distinct is the 
uppermost. This marks the greatest height of 
the ice and becomes lower at the glacier's 
snout, finally merging with the terminal mo- 
raine. In valleys with gently sloping sides 
the lateral moraines clearly denote the upper 
limit of the glacier's ice in the last glacial 
phase. The absence of morainal material 
(especially boulders) above the lateral mo- 
raines, frequently on completely flat parts 
(which eliminates the possibility that they 
may have subsequently been eroded), indi- 
cates that the glaciers of the latest phase 
were the greatest in size. 


The lateral moraines are thickest and 
most distinct at the mouths of dammed-up 
tributaries along which glaciers did not 
descend. Here they are often of considerable 
breadth and have a typically morainal hill- 
and-ridge relief with small lakes (such as 
at the dammed-up Lake Kara-Khol' in the 
Kantegir basin). The position of the lateral 
moraines is also significant in certain other 
conditions. The glacial valleys of the rivers 
on the southern slope of the Mungun-Tayga -- 
Tolayta and the Atra-Shigetey massifs, after 
emerging from them, are cut for a short 
distance (to 200 to 300 m) into the relatively 
flat foothill area. Here the lateral moraines 
lie on the interstream parts of the valleys 
as low, gently sloping banks from 100 to 700 
m wide. When the depth of the valley in the 
area of the cross section (Fig. 3) is only 
about 200 m overall, the width of the lateral 
moraine does not exceed 600 m. From this 
it is clear that the glaciers of the Mungun- 
Tayga massif, including those of the earlier 
phase, developed after the river valleys had 
begun to be cut. A similar conclusion is 
suggested by the position of the lateral mo- 
raines in the valleys with sharp bends: thus, 
for example, the Myunik River valley (in the 
Kantegir basin), in emerging from the Sayan 
Ridge, turns at an angle of about 90° (Fig. 1). 
The lateral moraine, which lies partly on 
the flat part of the interstream area next to 
the valley (on the left bank) clearly follows 
the bend of the valley. This position of the 
lateral moraines in the cases noted above 
can be explained only by the small depth of 
the valleys, which could not fully contain 
the ice of the glaciers as they emerged from 
deeper parts of the mountain. The glacial 
carving of the river valleys is also shown 
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by the fact that the terminal and lateral mo- 
raines are to be found in valleys that contain 
supposedly Eopleistocene alluvial deposits. 


A comparison of such facts as the clear 
connection between super-floodplain terrace | 
and the terminal moraines of the last glacial 
phase and the existence of an older terminal 
moraine and of a super-floodplain terrace II, 


i 


Scale: vertical, 1: 10,000 


horizontal, 1:25,000 
Fig. 3. Cross section of the Arta-Shigetey 
River valley. 
1 == moraine; 2 -- shales (P: )). 
z 


which was dated approximately by the early 
mammoth found in it, compels the suggestion 
that the older terminal moraine and the super- 
floodplain terrace II are contemporaneous 
with each other. In this case the age of the 
glaciation may not be considered earlier than 
the middle of the Middle Pleistocene. The 
lack of interglacial deposits and of other 
indications of an interglacial period make it 
impossible to consider it as proven that there 
were two independent glaciations; therefore 
they are called phases. Probably the glacia- 
tion was a single one. 


Fluvioglacial formations represented by 
eskers, kames and kame terraces are wide- 
spread in areas covered by semi-continental 
glaciation. ,The most extensive distribution is 
seen in broad residual valleys (in the Dzhu- 
lukul ravine, on the upper reaches of the 
Alash, in the Saygonysh River valley at the 
foot of the Abakan Ridge and in other places; 
Fig. 1). These formations are associated 
primarily with areas having the smallest 
inclinations of the bottom, indicating their 
genetic connection with "dead" ice in the 
concluding stage of glaciation. This is espe- 
cially noticeable when such forms (for the 
most part eskers) are encountered in glacial 
troughs (in the Khemchik, Tashtukhol' and 
Chul'chya River valleys, in the Chulyshman 
basin and elsewhere) and even in Kars (in 
the Chundozyn River basin). Combinations 
and transitions from one form to another 
are notable; this is an indication of the 
common origin of these formations. In most 
cases the eskers, kames and kame terraces 
are composed of horizontally bedded or 
cross-bedded sands, sometimes with an ad- 
mixture of gravelly and pebbly material (in 
the kame terraces) and individual fragments 
and boulders. The latter often lie on the 
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irfaces of these formations. In dome-shaped 
ames ("esker domes"; [1]) one may some- 
mes encounter piles of well-rounded boulder 
mglomerate (in the Kumyye River valley). 
he complete absence of any mantle of mo- 
1inal matter is typical in all these forma- 
ons. This circumstance, along with the 
cation of eskers in individual cases on high 
pints of the relief of the glaciers' beds (in 
ie Dzulukul'’ ravine) and their rather steep 
ides, serves to confirm the supposition that 
le material was accumulated by water 
(reams on the surface of the ice. The con- 
sction between the kame terraces and the 
ottoms of the slopes and the clear contacts 
ith the ice on the slopes of the kame ter- 
aces indicate that they were formed primar- 
y in thawed areas during the final stages of 
gradation of the glaciers [33]. 


The final stage of glaciation was character - 
ed by uneven retreats of the glaciers, as 
stermined by the differences in the way 
ley were supplied, the shapes and inclina- 
on of the glacial channels, etc. The gla- 
iers in tributary valleys often continued to 
xist even when in the main valleys the ice 
ad been considerably degraded. Emerging 
ito the main valleys, the tributary glaciers 
yrmed dams across the upper parts of the 
‘unk valleys. The result was the formation 
f glacial lakes in which horizontally bedded 
lay and sand deposits accumulated. Exam- 
les of such basins are the parts of the 
hemchik valley above the right-hand tribu- 
iry, the Ary-Khem, where up to 50 m of 
andy clay deposits were formed, and the 
hulyshman River valley above the Shavla 
‘ibutary, in which horizontally bedded clays 
ere deposited to a thickness of 50 m (Fig. 4), 


as described by V.P. Nekhoroshev [19] and 
L.I. Semikhatove [26]. These clays have a 
very fine composition: of 33 specimens ana- 
lyzed for their grain-size composition, by 
Robinson's method, 18 contained more than 
90 percent of particles less than 0.005 mm 
and 22 contained more than 70 percent of 
particles less than 0.01 mm in size. No 
regular change was noted in the grain-size 
composition from the top toward the bottom 
of the series. Two extreme examples are 
cited from the data on the Grain-size analysis 
(see Table 2). 


The thickness of the clays gradually de- 
creases upstream along the valley (from 50 
m opposite the mount of the Yelandu River 
to about 2 to 3 m above the mouth of the 
Asolak River). Horizontally bedded deposits 
are encountered in lenticular form within the 
moraines and under them (mainly outside the 
territory under consideration. The difference 
consists in the fact that these contain boul- 
ders and interbeds of morainal matter (in 
the Kubadru River valley), indicating that 
they were formed by the meltwater streams 
from the glacier. The horizontally bedded 
formations, both under and above the gla- 
ciers, contain calcareous concretions (Fig. 5), 
showing the similarity of the conditions in the 
medium in which they were formed. This 
similar medium consisted of closed or almost 
closed basins beneath the ice as well as else- 
where, during the degradation of the glaciers 
of the last phase. Similar horizontally bedded 
deposits, especially within the moraines, are 


sometimes also attributed to interglacial (or 
interphase periods and are nevertheless used 
for the stratigraphic subdivision of the mo- 

This, 


rainal series. however, is contradicted 
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Fig. 4. 


Position of the horizontally bedded clays in the Chulyshman 


River valley, opposite the mouth of the Yelandu River: 


] -- horizontally bedded clays; 2 -- moraine with lenses of 
sandy loam; 3 -- river-valley boulder gravels and river-valley 
terrace |; 4 -- clay talus; 5 -- shale talus; 6 -- shales (Pz). 
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Table 2 


Depth from which 


Weight of fraction in percent 


searer nti wae 0.25 - 02101" 0 10-'0..05 | 0.05°- 0, 01'|°0.,.01 --"0, 005 | Lesa, than 
token? m0 mm ,. mm mm mm 0.005 mm 
12 0.05 5.61 56.70 23. 26 
21 0. 02 3. 34 5.16 3.85 


by the close genetic connection between the 
horizontally bedded deposits and the degrada- 
tion of the glaciers of the last glacial phase. 


Some attention must be devoted to a rather 
important question of considerable signifi- 
cance in principle in explaining the evolution 
of the glaciation -- the origin of the large- 
boulder deposits in the terraces. 


In many valleys with terminal moraines of 
the last glacial phase, the contemporaneous 
super-floodplain terrace I, which is up to 
50 m high near the moraines (in the Alash 
River valley), is made up of boulders and 
gravel (with large blocks) cemented by sand 
and grit (Figs. 6, 7). 


The presence of large boulders and blocks 
in the terrace deposits has led certain inves- 
tigators [4, 13, 30] to doubt that they are of 


Fig. 5. Concretions from the lacustro-glacial horizontally bedded clays 
of the Chulyshman River valley (1) and the sandy loam of 
the Khemchik River valley (11) 
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aqueous origin. It is usually considered that 
the terrace boulder conglomerate belongs to 
the penultimate or greatest glaciation and 
was eroded by ice-water streams during the 
last glaciation. The lack of clear divisions 
in the granulometric composition of the ter- 
race deposits forces one to draw hypothetical 
boundaries for this maximum glaciation. 


The present author's observations do not 
allow him to agree with this reconstruction 
of the maximum glaciation. The above- 
mentioned terrace deposits have a typically 
clear differentiation in their granulometric 
composition throughout a definite part of the 
valley. Thus, for example, as one moves 
downward along the Khemchik valley the 
sizes of the blocks and boulders and their 
percentage in the composition of the terrace 
deposits show a gradual decrease. Although 
3 to 5 km below the terminal moraine one 
now and then encounters blocks with a diam-~ 
eter of 3 to 4 m, at the village of Baytal, 
20 km from the terminal moraine, the great 
est size of the blocks does not exceed 1.5m 
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_ Fig. 6. Longitudinal profile of the 
upper part of the Alasha River valley. 


] -- moraine; 2 -- fluvioglacial boulder 
gravels; 3 -- Paleozoic shales. 


30 km from the moraine the composition of 
he terrace is predominantly gravel and the 
maximum size of the boulders is 30 to 50m. 
in addition, in moving away from the termi- 
nal moraine the degree of rounding of the 
poulder-gravel material increases. All this 
90ints to water as the major factor in the 
formation of these deposits. 


Besides the clear differentiation in the 
particle size, the water transportation of the 
poulder and block material is also indicated 
by the relationship of the granulometric com- 
position of the terrace deposits to the magni- 
tude of the glacial basins and the hydrodynam- 
ic conditions of the discharge of meltwater 
from the glaciers during the last phase of 
slaciation. In this connection there is a very 
sharp contrast between the terrace deposits 
below the terminal moraines of glaciers that 
qave emerged into the foothill area and those 
of valley glaciers. In the first case the com- 
Dosition of super-floodplain terrace I con- 
fains only a small percentage of boulders, 
and this mainly in the immediate vicinity of 
the terminal moraines. In the Arta-Shigetey 
valley, for example, boulders more than 1 m 
in diameter cannot be found at a distance of 


one km from the moraine. The terminal 
moraines have a very distinct outer boundary, 
beyond which (outside super-floodplain terrace 
1) no traces of the introduction of morainal 
material may be observed; the moraines lie 
on pre-glacial proluvial and alluvial deposits. 
All this is associated with the lack in these 
glaciers of concentrated meltwater currents, 
inasmuch as these glaciers spread out for 
many kilometers over the relatively flat 
territory of the foothills. 


A completely different composition is found 
in the terrace deposits below the terminal 
moraines of valley glaciers; this is especially 
clear in the above-cited example of the Khem- 
chik valley. There is a characteristic corre- 
spondence between the volumes of the termi- 
nal moraines of the Khemchik valley and that 
of its tributary, the Chindozyn River (Fig. 8). 
Although there is an enormous quantity of 
clastic material carried by the glacier in the 
Khemchik valley (this may be judged by the 
large number of deep cirques and glacial 
troughs in its basin), the amount contained 
in the terminal moraine is negligible. At 
the same time on the upper reaches of the 
Chindozyn River, where the number of 
cirques feeding each glacial basin is about 
ten times less than in the Khemchik basin, 
the volume of the terminal moraines is 
several times greater than that of the Khem- 
chik terminal moraine (although their thick- 
nesses are about the same, 40 to 50 m). 
This striking disproportion between the vol- 
ume of the terminal moraine deposits and 
the magnitudes of the basins can be explained 
only by the different conditions in the glacial 
ice-water streams. The extensive Khemchik 
glacial basin during the summer months must 
have produced a large amount of meltwater 
with a double strong current (since this is a 
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Fluvioglacial terrace in the Khemchik River valley. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


deep, narrow valley). The streams carried 
the morainal material from the glacier's 
snout and accumulated it along the bottom of 
the valley. The fact that in the Khemchik 
valley the narrow strips of terminal moraine 
have a typical hummocky morainal relief and 
a small thickness (40 to 50 m) is a sign of 
active transportation of glacial material 
directly away from the glacier ‘during the 
entire time of its existence. With such cur- 
rents of glacial meltwater, a thick terminal 
moraine could naturally not be formed in the 
narrow valley, whereas the glacial valleys of 
the Chindozyn River ended in the foothills 
and lacked such concentrated currents of 
glacial waters. 


Since the energy of the glacial water 
streams was determined mainly by the mag- 
nitude of the glacial basin, the nature of the 
valley at the point where the glacier ended, 
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and its inclination, it is easy to explain the 
differences in the granulometric composition 
of the terrace deposits that are contempora- 
neous with the glaciation; these are observed 
in various valleys, sometimes side by side. 
This is confirmed by the example of more 
than forty glacial valleys with terminal mo- 
raines of the last phase of glaciation. Through- 
out the areas where the glaciers ended in the 
deep and narrow parts of valleys, even with 
small basins, thé terraces contemporaneous 
with the glaciation are composed of large 
boulders directly adjacent to the terminal 
moraines. The greater the amount of coarse 
morainal material carried away from the 
glacier's snout, the smaller the volume of 
the terminal moraine, and vice versa. The 
currents of glacial meltwater were also of 
decisive importance in filling the terminal 
moraines with well-rounded boulders and 
cobbles; this is especially typical of the 


Fiirgemcr Sketch-map showing the relationships of the terminal moraines 
and glacial basins on the upper reaches of the Khemchik River. 


a, -- glaciers of the last stage of glaciation; 2 -- cirques; 3 -- terminal 
moraines; 4 -- recessional moraines; 5 -- fluvioglacial terraces 
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terminal moraines of valleys with great gla- 
cial basins, such as those of the Khemchik 
and Alash Rivers. 


Thus the clear relationship between the 
granulometric composition of the terrace 
deposits and the hydrodynamics of the glacial 
water streams in the last phase of glaciation 
leaves no room for doubt that the terrace 
deposits are water-transported. 


A no less important argument in support 
of this conclusion is the total absence of any 
signs of glaciation below the terminal mo- 
raines of the last glacial phase and above all, 
as noted above, the absence of boulders in 
the lateral moraine on the flat areas next to 
the valleys. This is shown by the existence, 
below the terminal moraines, of terraces 
older than the glaciation, including some of 
Eopleistocene age (in the Alash and Ustyu- 
Ishkin River valleys). 


Other facts are also worthy of note. Ter- 
races composed of great boulder material, 
especially granitic, may often be found in 
valleys where there is a complete absence of 
any transportation by glacial waters. In this 
regard valleys in which the rivers cut through 
areas of differing lithology are extremely 
indicative: as an example, one may take the 
valley of the Ustyu-Ishkin River, the left- 
hand tributary of the Khemchik. Throughout 
most of its length it is cut through Ordovician 
sandy shales. Granitic masses are inter- 
sected only in the uppermost and lowermost 
parts of the valley. On the upper reaches 
(here the river is called the Kuzhe) there 
was a small glacier (Fig. 1) which left a 
terminal moraine. Below this moraine the 
spread of granitic boulders may be seen only 
for several kilometers. The terraces in the 
middle part of the valley are composed of 
comparatively small-grained material, pri- 
marily of sandy shale composition; the gran- 
ite is seen only in small pebbles. The nature 
of the deposits changes sharply where the 
river cuts through the granitic massif north 
of Lake Syut-Khol'. The first super-floodplain 
serrace, which occupies the whole bottom of 
che valley, is here made up of boulder and 
zravel deposits with blocks up to 2 m; there 
are also boulders in the higher terrace de- 
dosits. Below the massif, the granitic boul- 
ders may be traced for several kilometers 
down the valley, gradually decreasing in 
3ize. In this case these amount to typical 
mountain alluvial deposits whose granulomet- 
sic composition varies within wide limits, 
Jepending on the lithology of the original 
material. As a rule, very coarse alluvium 
ss formed by mountain streams from intru- 
sive rocks, especially granitoids. 


_ These specific features of stream deposits, 
n relation to the hydrodynamic conditions of 
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their formation, are confirmed by experi- 
mental data obtained by investigators of the 
dynamics of solid flow. V.N. Goncharov ([3], 
p. 290) gives a table showing the ratio of 
the size of transported grains of a homo- 
geneous deposit to the velocity of the current 
(see Table 3). 


Table 3° 


Minimum Velocity Required to Begin Move- 
ment of the Particles of a Homogeneous 
Deposit in a Stream 1 m Deep 


Grain Grain 


: Velocity, ; Velocity 
size, size, 4 
hee m/sec ae m/sec 

15 LO 

0.05 0.35 25 1. 20 
OR25 0.50 40 oO) 
1.00 0. 60 Us) ile FAO) 
Pies) 0 70 100 2.00 
5 00 0.85 150 2.20 
10.0 1.00 200 2.40 


"This table is taken from B.L. Rukhin's book 
Osnovy Litologii [Fundamentals of Lithology], 
1953, p. 179. 


The great increase in the magnitude of 
the transported grains with a small increase 
in the velocity, as shown in the Table, is 
very indicative. Thus, for example, to begin 
the movement of a boulder 20 cm in size, 
which is two times greater than gravel, an 
increase in the velocity of only 20 percent 
(2 m/sec and 2.4 m/sec) is required. This 
also accords with Eri's well known law, 
which states that the weight of the particles 
translated along the bottom of a stream is 
proportional to the sixth degree of the veloc- 
ity of the current. Since the speeds of moun- 
tain streams may reach 5 to 8 m/sec, the 
presence of large boulders in the composition 
of mountain alluvium becomes understandable. 
When the velocity of the rivers increases by 
a ratio of 3:1 (assuming the velocity of a 
mountain stream to be 6 m/sec and of a 
plains river to be 2 m/sec), the weight of 
the transported fragments increases by 729:1. 
This may be seen in the following concrete 
example: if a granite pebble 10 cm in size 
which begins to move at a velocity of 2 m/sec 
weighs an average of 2 kg, the weights of 
boulders moved by the current will be, suc- 
cessively, 128 kg at 4 m/sec, 1,458 kg at 6 
m/sec and 8,192 kg at 8 m/sec. 


Thus the clear differentiation in the gran- 
ulometric composition and the coarseness of 
the material cannot of themselves prove the 
glacial-water or much less the glacial origin 
of the deposits. Normal mountain alluvium, 
under the appropriate hydrodynamic condi- 
tions, has similar indices. Boulder and 
gravel deposits are consequently the same 
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natural product of mountain streams as sandy 
deposits are of plains rivers, as Ye. V. 
Shantser [29] has already pointed out. ~ 


All this shows the unreliability of the 
identification of fluvioglacial deposits in 
mountain and foothill areas, when the con- 
nection between the deposits and the termi- 
nal moraines cannot be traced. The lack of 
objective criteria, however, for distinguish- 
ing fluvioglacial from alluvial deposits accord- 
ing to the distance from the terminal mo- 
raines also makes the identification of the 
fluvioglacial deposits conditional to the same 
degree. In this connection, it would be ex- 
pedient to apply Ye. V. Shantser's views [29] 
on the distinction between the concepts 
“fluvioglacial" and "alluvial" to mountain 
regions as well, reserving the term "fluvio- 
glacial" only for the deposits of the most 
extensive parts of terraces, which were 
formed outside the periphery of large gla- 
ciers in the intermontane basins or in the 
broad basin areas of valleys. The sandy 
plains of the Kara-Khol and Mogun-Buren 
ravines and the Khemchik River (Fig. 1) are 
examples of such fluvioglacial deposits in 
Western Tuva. 


It can be seen from the above that numer- 
ous mistakes in identifying glacial deposits 
in mountainous areas have resulted from an 
underestimation of the transporting power of 
water streams.! Such mistakes are also in 
no small measure due to the attempt to base 
the stratigraphy of the area on the usual 
scheme of four glaciations. Great difficulties 
in identifying glacial and associated deposits 
are still, of course, created by the fact that 
serious study of the conditions under which 
alluvium is formed have been made only for 
plains rivers [29]. 


The map of the last phase of glaciation 
(Fig. 1) shows that the semi-continental type 
of glaciation occurred mainly west of the 
Shapshal'’ Ridge and only partially to the east 
of it, in the northwestern part of Tuva; the 
valley glaciers are located mainly on the 
eastern slope of the Shapshal' Ridge. 


The extensive development of semi- 
continental glaciation within the territory 
under consideration has been noted more 
than once. There is no universally accepted 
view, however, of the interrelationship be- 
tween the semi-continental and the valley 


‘For this reason in some cases even the 
gravels in high terraces in the foothills have 
been taken as proofs of the greatest extent of 
the glaciation 16 . 
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glaciations. G. Grane [4], for example, has 
asserted that semi-continental ice sheets were 
extensively developed in the eastern and north- 
eastern parts of the Gorny Altay during the 
time of the last glaciation. V.P. Nekhoroshev 
[18, 19] also points out the semi-continental 
character of the last glaciation in the Prishap- 
shal' part of the Altay. In contrast to G. 
Grane, however, V.P. Nekhoroshev attributes 
the morainal deposits of the Chulyshman- 
Bashkaus and Chulyshman-Kyga interstream 
areas to the penultimate glaciation, which in 
this area he considers to have been repre- 
sented only by valley glaciers. 


The interrelationships between the glacial 
deposits of valleys and interstream divides, 
and of catchment basins feeding the glaciers 
with the areas covered by semi-continental 
ice sheets, make it impossible to agree with 
such a subdivision and provide full confirma- 
tion of G. Grane's conclusions [4]. In areas 
of semi-continental glaciation, in numerous 
valleys (such as those of the Tashtu-Khol’, 
Monaga, Kul'-Khema, Shayla, Chulyshman 
and other rivers) one and the same moraine 
may be traced clearly along small hanging 
valleys and sometimes directly along the 
slope from the bottoms of the valleys to the 
interstream divides. The evidence of glacial 
activity is no less clear (in the form of 
striated rocks, etc.); these traces are better 
preserved in the interstream areas than in 
the valleys. The curves of the valley banks 
are especially indicative: as a rule they are 
very smooth and gently shaped. 


Numerous carved basins and glacial troughs 
from such glacial feeding sources as the 
Eri-Tayga and Kiyty massifs and the Shap- 
shal’ Ridge (in the southern part) open 
directly into relatively flat areas of the 
residual topography. Under these conditions, 
therefore, the glaciation from the very be- 
ginning must have developed from the valley 
into the semi-continental type, so that it 
appears quite impossible to introduce a break 
in time between the valley and the semi- 
continental types. In some cases the valley 
glaciers develop into semi-continental ice 
sheets when the ice fills the valleys and 
overflows them (as, for example, in the case 
of the Kul'-Khem -- Khemchik interstream 
divide). The main glaciation in this territory 
was nevertheless of the valley type. 


The obvious asymmetry of the glaciation 
on the chief element in the mountain topog- 
raphy -- the Shapshal' Ridge -- is due both 
to the relief (to the extensive areas of 
residual topography west of this point) and 
to the climatic conditions, primarily the 
different amounts of precipitation on the 
slopes. The prevailing northwesterly and 
westerly winds caused most of the moisture 
to fall on the windward slopes of the ridge 
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and its spurs, with the result that here the 
glaciers were of considerable thickness and 
extent. Whereas on the eastern slope of the 
Shapshal' Ridge, for example, the maximal 
thickness of the glaciers in the last phase of 
glaciation was 600 to 700 m (in the Kozer 
and Khemchik valleys) in a length of 50 km, 
to the west of the ridge this thickness reached 
1,200 to 1,500 m (in the Shavla and Chulysh- 
man Valleys).' The length of the Chulyshman 
glacier was about 280 km. Differences in 
precipitation and in the air humidity produced 
great differences in the altitude of the snow 
line. Calculations indicate that, at the height 
of the last glacial phase, on the Sayan Ridge 
and southeast of Lake Teletskoye the snow 
line was at the level of about 1,800 to 1,900 
m, whereas at the extreme southwest of 
Tuva, where there is glaciation today, the 
snow line was at the altitude of 2,700 to 
2,800 m. At present the snow line in this 
area lies at the elevation of 3,400 m. Thus 
at the height of the last glacial phase it was 
some 600 to 700 m lower. 


The glaciation of the latest phase, depend- 
ing on the factors involved, thus ranged from 
the embryonic valley type to the extensive 
semi-continental. This is equally true of the 
next-to-the-last phase of glaciation, since 
there are no differences in principle in the 
character of the topography between these 
times. 


The literature on the Altay-Sayan moun- 
tain region [13, 16, 21, 27] records the often- 
recurring view that the topography was re- 
worked during the interglacial period. The 
so-called superimposed troughs are often 
pointed to as proofs of such a reworking or 
of considerable interglacial incision of the 
drainage system. In this scheme, the broad 
residual valleys are called ancient troughs. 
The cases in which these "ancient troughs” 
fail to coincide with the present drainage net 
are usually cited as evidence that the older 
glaciation developed under different geo- 
morphologic conditions, as it were. And the 
fact that the younger erosional parts of the 
valleys are often incised into these ancient 
valleys and recarved by glaciers is supposed 
to serve. as confirmation that there was con- 
siderable interglacial incision of the drainage 
system and subsequent valley glaciation. 


It has been shown above that the partial 
rearrangement of the topography and the 
drainage system in the territory under 


Tat the present time of weak glaciation, the 
Great Aletsh glacier in the Alps is 800 m thick, 
und the Fedchenko glacier in the Pamiers is 
900 m thick. 
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consideration had been taking place for a long 
time before the glaciation, primarily at the 
end of the Pliocene and beginning of the Eo- 
pleistocene. The broad valleys could not have 
been formed by glaciers, because of the 
nature of the latter's exaration -- the gla- 
ciers merely preserve such forms, as may 
easily be seen from the Eopleistocene and 
younger deposits contained in them (in the 
Ustu-Gimate and Kubadru valleys), so that 
they cannot be called "troughs." These 
valleys have a different character. They are 
parts of Tertiary river valleys (perhaps pri- 
marily of erosional and combined erosional- 
tectonic origin); this is confirmed by the 
presence of alluvial sediments of appropriate 
age (for example, Neogene carboniferous 
deposits in the Dzhulukul' ravine). The inci- 
sion of the drainage net, including the ancient 
valleys, took place long before the glaciation 
as already remarked above), and during the 
glacial period the incised parts of the valleys 
were reworked into troughs. The glaciers 
often did not occupy the valleys and covered 
the interstream areas instead (as in the 
Monaga, Chulyshman and other river valleys). 
All the troughs, regardless of whether they 
were cut into the plateaus of watersheds or 
into the bottoms of ancient river valleys, 
clearly contain one bend in the slope, corre- 
sponding to the area where the erosional- 
exarational surface meets the surface of the 
watershed slope or that of the bottom of the 
residual river valley. The local steps in the 
valley slopes that are sometimes encountered 
bear no relation to what is usually meant by 
superimposed glacial troughs. 


The penultimate phase of glaciation may 
evidently be considered as coinciding in time 
with the maximal glaciation of the plains, 
and the last phase with Valday (Zyryan) gla- 
ciation. The great differences in the scales 
of the last and penultimate glacial phases 
between the mountain areas and the plains 
are to be explained by the continuing domical 
uplifts, which in some places are quite 
clearly marked. In the areas that contain 
Eopleistocene deposits, especially the outlying 
parts of the’ ridges, one may observe the 
relationships shown in Figure 2. The super- 
imposed nature of the Pleistocene alluvial 
deposits testifies to the subsidence of the 
foothill areas at this time. This was followed 
by the uplift that caused some incision of the 
drainage system, and then by the develop- 
ment of glaciation. Similar interrelationships 
may also be observed in the adjoining areas 
to the east (in the Khule River valley and 
its exit from the Western Tannu-Ola ridge) 
and to the west (in the Kubadru River 
valley). 


Only the increase in the absolute eleva- 
tion of the region can explain the fact that 
the last and the penultimate glacial phases 
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are approximately equal in scale.! The exist- 
ence of traces of only the last glaciation, and 
of uplift as a possible explanation of this 
peculiarity, have already been pointed out in 
the case of other mountainous regions [15]. 


The idea that the mountain glaciation was 
caused by the latest uplift of the mountains 
is considered to be incorrect. The mountain 
systems existed for a long time before the 
glaciation, but the latter was manifested only 
during a very limited and specific time inter- 
val and was caused by a general drop in 
temperatures over the whole planet that was 
due, apparently, to terrestrial factors. 


The ancient glaciation in this region was 
very intensive. Enormous areas of the resid- 
ual topography were covered by a fairly thick 
blanket of ice, which in the Dzhulukul' ravine, 
for example, reached a thickness of 400 m. 
The main catchment basins and points of 
origin of the glaciation were the peaks of the 
ridges and massifs. Nevertheless, when the 
snow line was rather low, especially in areas 
of semi-continental glaciation, the ice sheets 
developed even without such centers (on the 
Chulyshman-Bashkaus and Chulyshman-Kyga 
watersheds and in other places). The semi- 
continental ice sheets produced no essential 
changes in the relief; in fact they preserved 
extensive areas of the residual topography. 


The activity of the valley glaciers, which 
was not limited to slight changes in the shape 
of the terrain, was quite different. The longi- 
tudinal profiles of the glacial valleys are 
extremely indicative: there is a clear rela- 
tionship between the profile of the bottom of 
a tributary glacial valley and the relationship 
of its glacier to the trunk glacier. If the 
tributary glacier was of the same size as 
the main valley glacier (the shapes of the 
valleys being similar), there is no distinct 
step, or hanging valley, in the longitudinal 
profile of the tributary valley (as in the 
Shavla - Chulyshman valleys); if the tributary 
glacier was smaller, on the other hand, there 
was a hanging valley where it merged with 
the trunk glacier, and if it was larger, the 
trunk valley was left hanging above the trib- 
utary (as on the upper reaches of the Chel'- 
cha River in the Alash basin). The height of 
the steps varies from scores to hundreds of 
meters. 


"Because of the uplifts, the mountain area 
within the ionosphere during the time of the last 
glacial phase must have remained the same size 
(or somewhat greater) as in the next to the last 
phase. There is no basis for assuming that 
there was any considerable increase in the pre- 
cipitation during the last phase, 
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The large number of hanging valleys in 
the glaciated areas and their complete ab- 
sence in the immediately adjacent unglaciated 
areas, which are identical in regard to their 
geologic structure and history, cannot be 
satisfactorily explained except on the basis 
of down-carving of the valleys by the gla- 
ciers. Serious works on glaciology produced 
both in the U.S.S.R. and in other countries 
(see P.A. Shumskiy's substantial paper and 
its bibliography, [31]) furnish the necessary 
material for understanding the mechanism of 
glacial exaration. From the standpoint of 
exaration, the temperature conditions in the 
bottom layers of glaciers are the most 
interesting ([31], p. 369). 


The changes in topographic shapes caused 
by glacial activity are most extensive in the 
uppermost parts of ridges and massifs. Here 
the cirques are of huge size (as much as 
1,000 m in depth in the Khemchik and Chu- 
lyshman basins). Their step-like character 
is easily seen, most of the cirques having 
two steps. All the cirques acted as accumu- 
lation basins for firn and ice during the last 
glacial phase, and there is no basis for 
distinguishing older and younger cirques. 

The older cirques may have been poorly 
developed, especially in Paleozoic shales and 
sandstones, when the formation of the cirques 
produced little change in the original shape 
of the funnels collecting water. Tarns are 
found only where the rocks at the core crop 
out, so that one may say that there was no 
cirque-and-step-forming stage of glaciation. 


It must be noted that in the case of the 
territory under consideration the development 
of the glaciation (and its age) as recorded 
here agrees generally with the observations 
and conclusions of a number of investigators 
both of this region (I1.G. Nordega and I.S. 
Gudilin) and of the mountain areas bordering 
on it (N.P. Ladokhin, [12]; G.F. Lunger- 
sauzen and O.A. Rakovets, [14]). Investiga- 
tions over many years by a group of workers 
in the Department of Quaternary Geology of 
the Geological Institute of the Academy of 
Sciences of the U.S.S.R. have shown, on the 
example of an extensive area in the southern 
part of Eastern Siberia, which was not gla- 
ciated, that there was a single period of 
lowered temperatures corresponding to the 
second half of the Middle and to the Late 
Pleistocene [2, 22]. 


Everything that has been said above may 
be summarized as follows: 


The basic features of topography of West- 
ern Tuva and the eastern part of the Gorny 
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Altay are inherited from Eopleistocene times. 
Differential uplifts appeared very distinctly 
from Eopleistocene times. Differential uplifts 
appeared very distinctly after the deposition 
of carboniferous sediments containing flora of 
Miocene age -- that is, before and at the 
beginning of the Eopleistocene. These con- 
siderably elevated the ridges and produced 
some rearrangement in the drainage system. 


Reliable evidences of glaciation have been 
found only for the second half of the Middle 
Pleistocene. Two phases of what was evidently 
a single glaciation have been noted, both of 
them being of about equal scale, so the 
vestiges preserved are mainly those of the 
last phase. 


The character of the glaciation was detex- 
mined mainly by the topography, whose gen- 
eral features and dissection at the beginning 
of the glacial stages were very similar to 
those of today. No essential rearrangement 
is observed to have taken place since the 
beginning of the glaciation. 


The glaciation of both phases, depending 
on the topography and the climatic conditions, 
varied from incipient valley to extensive 
semi-continental. During the retreat of the 
glaciers of the past phase, large areas of 
“dead” ice were formed (especially in places 
of semi-continental glaciation); these pro- 
duced extensive glacial ice-water formations -- 
eskers, kames, etc. 


The horizontally bedded clay and sand 
deposits above, within and below moraines 
encountered in glacial valleys are fluvio- 
glacial formations dating from the retreat 
of the glaciers in the last phase, and cannot 
be used as evidence in the stratigraphic sub- 
division of the morainal series. 


The terrace deposits with large boulders 
that occur extensively in mountain and foot- 
hill areas are fluvioglacial and alluvial for- 
mations. The amounts and sizes of the boul- 
ders in them were determined mainly by 
the hydrodynamic characteristics of the 
meltwater streams. In the large glacial 
basins (the Khemchik and Alash) the melt- 
water streams had more energy than the 
present-day streams. This origin of the 
large-boulder deposits eliminates the possi- 
bility of reconstructing the history of the 
xlaciations according to the presence of 
boulders in the terrace deposits. 
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BRIEF COMMUNICATIONS 


TYPES OF DEEP FAULTS ON THE 
BOTTOMS OF THE OCEANS 


by D. G. Panov 


Investigations by A.V. Peyve and N.S. 
Shatskiy [8, 9, 12, 13, 14] have shown the 
importance of the role played by deep faults 
in the formation of the major structural 
differences in the earth's crust. It has been 
established that deep faults had a decisive 
effect on the structural history of the plat- 
form and geosynclinal regions of the con- 
tinents. Movements during the latest stages 
of geologic history along the lines of deep 
faults also produced the major features of 
the surface relief of the dry lands. N.S. 
Shatskiy [15] has determined the distribution 
of deep faults over the surface of the planet, 
in terms of a system of orthogonal and dia- 
gonal lines, on the basis of which it may be 
suggested that these deep faults are exten- 
sively distributed over the ocean bottom and 
are an important factor in the morphology 
of the world's oceans. The data available 
at the present time support this assumption. 


Several types of deep faults, which are 
Clearly reflected in the submarine topography 
may be distinguished on the bottoms of the 
world's oceans. Tectonic dislocations over 
most of the ocean bottom are poorly hidden 
by accumulations of sediments, so that the 
lines of the deep faults are clearly reflected 
in the relief of the ocean bottom. 


The following types of deep faults may be 
distinguished at the present time: 1) those 
in the continental slopes, and 2) those at 
the bottoms of the ocean basins. 


1. Deep faults in the area of the conti- 
nental slope. The continental slope is often 
considered to be a transitional zone between 
the structures of the continents and those of 
the oceans [10]. The sharp changes in the 
distribution of gravitational anomalies and 
the high degree of present-day seismic acti- 
vity of the tectonic conditions within the 
limits of the continental slope during the 
present period. It is quite possible that this 
present intensity of tectonic stresses within 
the continental slope is associated with 
Quaternary tectonic uplift of the continents 
and subsidence of the ocean basins [5]. 
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There are two types of deep faults on the 
continental slope: open and concealed. Open 
faults are most clearly reflected in the 
morphology of the continental slope, since 
they are manifested in the great lateral 
extent (thousands of kilometers) and the 
great height (thousands of meters) of the 
steps in the continental slope. One example 
is the scarp in the continental slope of the | 
Pacific coast of North America; this scarp 
extends from the Gulf of Alaska to Cali- 
fornia, with a length of 4800 km and a 
height of 3000 m. A.Eardley [3] believes 
that it is formed by young faults. In addi- 
tion to this fault, which runs parallel to the 
folded structures, there are known to be 
numerous transverse faults in this area. 
These produce a complicated submarine 
surface relief, dividing the continental slope 
into a system of uplifted and unequally 
down-faulted sections which are cut through 
by a large number of canyons. On the west 
coast of South America the continental slope 
reaches the greatest known height of 7000 m 
[16]. There is known to be a very long | 
scarp in the continental slope on the shore | 
of Brazil. A large and steep continental 
slope formed by young faults is also to be 
found in the Central Polar basin [7]. 


Block faulting of the continental slope, 
associated with recent tectonic disintegration, 
has also been encountered in the Antarctic | 
[2]. The morphology of certain individual 
areas of this region indicate that it contains 
a possible system of step-like displacements 
along fault lines. Steeply dipping scarps in 
the continental slope are known to extend 
for great distances. The concealed faults in 
this region are revealed in the formation 
of a continental fold. The flexure type of 
continental slope may be seen clearly in the 
Atlantic Ocean, on the coasts of Western | 
Europe and North America. 


Geophysical investigations have shown 
that the folded basement within a slope of 
this type is broken up into a system of un- 
equally displaced blocks that form the base- 
ment of the flexure at the foot of the slope. 
In this respect the structure of the slope is 
Similar to that of the flexures at the borders 
of the continents. At the foot of the slope 
there is a distinct synclinal flexure filled to 
a considerable depth with unconsolidated 
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eposits [18, 19]. According to Sheppard's 
nformation [16], the flexure at the foot of 
ne slope extends for 50 percent of its 
ength. In some individual parts it takes the 
orm of a trough, which is not filled with 
ediments; this may be an indication that the 
rough was formed not long ago, as a result 
f the recent subsidence of the continental 
lexure. The recent date of the subsidence 

f the continental flexure is also evidenced 
y the worldwide distribution of submarine 
alleys, whose formation is connected with 
he development and subsidence of the con- 
iInental flexure [4]. The flexural type of 
Ontinental slope predominates in the oceans 
f the world. 


2. Deep faults in the bottoms of the ocean 


asins. In the bottoms of the ocean basins, 
leep faults are associated with three differ - 
mt kinds of surfaces of the ocean bottom: 
ubmarine abyssal plains, submarine ridges 
nd submarine abyssal trenches. 


Deep faults in submarine ridges are 
nown from the example of the Mid-Atlantic 
idge. Herrman (1948) pointed out the con- 
ection between the Mid-Atlantic Ridge and 
ault lines extending for great distances; 
nore recently B. Heezen [20] showed that 
his submarine ridge is broken up into rift 
alleys and raised blocks between them, 
orming a structure similar to that of the 
one of rift faults in Eastern Africa. The 
mplitude of the displacements in the Mid- 
\tlantic Ridge is 1800 m or more. The 
istinct linearity of the submarine ridges in 
he ocean, along with their concentrated 
eismic activity in the present geologic 
eriod, indicates that they probably follow 
1e lines of deep faults extending for enor- 
lous distances. Ya. Gakkel' [1] has shown 
1e connection between the Lomonosov sub- 
larine ridge and the lines of deep faults. 


In the submarine abyssal plains, deep 
zults form zones of great extent in which 
ie submarine relief is sharply dissected 
nd in which there are areas of young vol- 
anic topography. In the eastern part of the 
acific Ocean, H. Menard [21] has distin- 
uished several zones of such broken-up 
reas associated with deep faults extending 
wr great distances. Of these, the Mendocino 
one of faults extends for more than 2000 
m, the displacement of the ocean bottom 
ithin it being as great as 3000 m. The 
furray zone, which has a complex topo- 
raphy dissected by faults, stretches from 
ie North American coast to the Hawaiian 
slands. The fault zones farther to the 
duth -- the Clerion and the Clipperton 
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probably many deep faults distributed through- 
out the western and central parts of the 
Pacific Ocean which have also produced a 
submarine surface relief of uplifted blocks. 
The complex dissection of the submarine 
abyssal plains that has been revealed by the 
most recent investigations in other oceans 

as well is also probably connected with the 
lines of deep faults. 


The connection between the well-known 
submarine abyssal trenches and the lines of 
deep faults has been established; it is con- 
firmed by the distribution of the foci of deep- 
seated earthquakes [17]. The sides of the 
submarine abyssal trenches have step-like 
profiles, and together with the deep fault 
lines form complex zones of dissection and 
subsidence of the earth's crust. The great 
depth of the sediments in the trenches, and 
the fact that the Mohorovicic discontinuity 
here occurs at greater depth than beneath 
the other parts of the ocean bottom, indi- 
cates a close connection between the forma- 
tion of the submarine trenches and the 
structure of the substances in the mantle 
of the earth. Possibly the deep faults here 
extend far into the center of the earth's 
globe. 


The faults in the bottoms of the oceans 
are distinguished by their greater extent and 
more recent tectonic activity, as compared 
to the deep faults in the continents. There 
is full basis for calling them oceanic faults 
of planetary scope, since they determine the 
greatest planetary features of the structure 
and relief of the ocean bottom. 


The fact that the ocean platforms are 
bordered by lines of deep faults shows the 
general similarity between the structures of 
the continental and oceanic portions of the 
earth's crust. The differences in structure 
and history between the oceans and the con- 
tinents may have been caused by processes 
taking place in the depths of the globe, in 
the mantle of the earth. 
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THE PROBLEM OF THE GENESIS AND 
THE AGE OF THE DINOSAUR STRATUM 
IN SOUTHEASTERN BET-PAK-DALA 


by V.I. Yeliseyev 


A peculiar feature of some of the dis- 
tricts of Central Asia and Kazakhstan is the 
accumulation of large quantities of dinosaur 
bone fragments, which in most cases occur 
in coarse gravel conglomerates. Such dis- 
tricts are the Bissekta spring area in the 
Kyzyl-Kum desert (100 km southwest of Lake 
Kuchka-Tengiz), Bozaba on the right bank of 
the Chu River, 90 km below the village of 
Gulyayevka, Kok-Muynak in the central part 
of the Boyamskiy gap, Karaya on the left 
bank of the Il' River, the area northwest of 
the stations of Iliysk, Karacheku and Kalkan 
on the right bank of the Il' River and Lake 
Tuz-Kul' in the eastern foothills of the Kara- 
Tau, Sary-Agach, and Dzhilga Ridges in the 
Tashkent district. 


1.A. Yefremov, the famous~'dinosaur 
hunter"', has come to the conclusion in a 
number of articles [4, 6] that all these 
accumulations of dinosaur remains are of 
secondary occurrence, resulting from the 
erosion of Upper Cretaceous continental 
deposits and their redeposition in Eocene 
times. The main argument put forth by I.A. 
Yefremoy in support of this conclusion is 
the great degree of fracturing, rounding, 
cracking and weathering of the bones in 
almost all of the deposits, with the exception 
of the Bissekta deposit and that of the Tash- 
kent district, which have been found to cont 
tain well preserved bones (although they are 
shot through with cracks) and small quanti- 
ties of rounded bone fragments. ''The sec- 
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ondary occurrence! of the bone material", 
writes I.A. Yefremov ([6], pp. 47-48), "is 
proved beyond a doubt by the condition of 
the bones and the nature of their fossiliza- 
tion. The bones bear traces of weathering, 
fracturing and wear and tear that have un- 
doubtedly taken place after their fossilization 
-- that is, when the bones had already been 
petrified and the diagenesis and lithification 
of the bone-bearing rock had been completed. 
Such great damage to the huge dinosaur 
bones could have been done only by powerful 
streams, and then only when the bones were 
sufficiently brittle, some time after the bony 
material had been completely fossilized. 
Other indications -- the helter-skelter ming- 
ling of the bones of the most varied types of 
animals, the lack of any biological or hydro- 
mechanical sorting of the remains as would 
be expected in the case of deposits occurring 
in their place of origin, the total absence of 
any complete skeletal elements and the dam- 
ages to the surfaces of the bones -- pro- 
vide full confirmation of the erosion and 
destruction of the original deposits." 


I1.A. Yefremov considers the deposits that 
contain dinosaur bones to be proluvial, occur- 
ring "as a result of the erosion of the ori- 
ginal Upper Cretaceous deltaic facies."" The 
good state of preservation of the bony mate- 
rial and the small amounts of rounded bones 
in the Bissekta-Tashkent district deposits, in 
his opinion, “are evidence that the erosion 
was done by a great amount of water, which 


1The article used the term ''secondary im- 
portance'' which, apparently, is a misprint. 
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covered the areas being eroded to a great 
depth so that they were not exposed to the 
air. The process of erosion was of extreme- 
ly long duration and took place under the 
conditions of a steady decrease in the force 
of the currents, ending in the deposition of 
red cross-bedded deltaic sands’ [6], p. 48). 


In regard to the origin of the remaining 
deposits, characterized by the great frag- 
mentation of their bones and a large per- 
centage of rounded bones, he writes: 'The 
dinosaur deposits in their original sites 
were, after fossilization, exposed to the 
air and subjected to weathering and erosion 
which totally removed the rocks that had 
contained them and in their place left only 
the bones of dinosaurs, as being the largest 
and heaviest fraction. Thereafter the dino- 
saur bones were moved and redeposited by 
streams of great force, which deposited 
coarse gravel at the same time. The dino- 
saur bones in the proluvial deposits are 
thus equivalent to the gravel of the con- 
glomerates that contain them and are, as 
already noted, the residual fraction of the 
totally destroyed older sediments that had 
contained the original bone deposits" [6], 
p. 48). 


The article, however, cites no proofs in 
support of his conclusions. Moreover the 
small percentage of rounded bones in the 
Bissekta-Tashkent district deposits are a 
clear contradiction of I.A. Yefremov's 
assertion that the erosion was of long dura- 
tion and took place under a large amount of 
water. 


The present author's investigations in the 
Bozaba district (the southeastern part of the 
Bet-Pak-Dala) have shown that the deposits 
containing the dinosaur bones and trunks of 
petrified wood are not of proluvial, but of 
marine littoral origin. The coastal marine 
origin of the bone-bearing gravels of Bozaba 
is proved by the occasional occurrence of 
sharks’ teeth and the presence of limestones 
in the composition of the deposits, the den- 
sity of the gravels and the great extent of 
the territory occupied by the bone-bearing 
gravels. 


The following species were collected by 
the present author for the first time in these 
deposits: Scapanorhynchus rhaphiodon Ag. , 
Sc. subulata Ag., Sc. rhaphiodon Wood, Sc. 
gigas Wood, indicating that the rocks con-— 
taining them are of Santonian age (identifica- 
tions and conclusion by L.S. Glikman). 

L.S. Glikman, moreover, states that the 
sharks’ teeth show no traces of rounding 
and that they cannot have been reburied. 


There are no less convincing proofs 
(according to the literature) of the coastal 
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marine origin of the dinosaur deposits in the 
Tashkent district. Here the bone-bearing 
beds contain large numbers of sharks" teeth, 
bony fish vertebrae and gastropod and pely- 
cypod shells. G.I. Belen'kiy [1] gives the 
following list of marine fauna in the dis- 
charge from the Tas-Kotan and Alym-Tau 
mountains, occurring in the cross-bedded 
calcarenites along with dinosaur bones and 
petrified tree trunks: Crassatella cf. regu- 
laris d'Orb., Pectunculus jaxartensis Rom. 
(Limopsis calvus Sow.), Natica subrugosa 
d'Orb., Pecten elongatus Lam., Protocar- 
dium semidecussatum Rom., Caprotina sp. 
(C. semistriata d'Orb.), Turitella sp., 
Cardium sp., C. cf. productum Sow. , 


Cucullaea sp. 


The existence of large quantities of ma- 
rine fauna in the bone-bearing beds of the 
Tashkent district, the lithologic composition 
of the dinosaur stratum (sandstones, cal- 
carenites, limestones and conglomerates) 
and the greater thickness of the bone layer 
(about 30 m) as compared to its thickness 
in the Bozaba district (about 6 m) all indi- 
cate that the dinosaurs of the Tashkent dis- 
trict were buried in a part of the sea that 
was deeper than that of the Bozaba district. 


The corpses of the dinosaurs that had 
been buried in the coastal zone of the sea 
in the Bozaba district were, of course, sub- 
jected to the intensive destructive action of 
the waves and were separated into individual 
members, mingled in disorder and broken 
into fragments; almost all the bone frag- 
ments were rounded. The dinosaur corpses 
buried in the deeper part of the sea, in the 
Tashkent area,! were also broken up and 
mixed, but the rounding of their bone frag- 
ments had apparently merely begun when it 
quickly came to an end through the incor- 
poration of this marine basin into the con- 
tinent;? the result was that the dinosaur 
bones ceased to be subjected to the wave 
action. This is the reason why there are so 
few strongly rounded bones in this deposit. 


It becomes obvious from what has been 
said above that the dinosaur bones were 
fossilized after being broken up in the surf 
zone, and that the bones of the Bozaba and 
Tashkent districts are in their place of ori- 
gin rather than being redeposited from older, 
Upper Cretaceous deltaic deposits. 


1But still littoral, as shown by the close inter- 


mingling of marine and terrestrial fauna and 
flora. 


*This is indicated by the overlying Darbazin 
suite, which is made up of typical marine facies 
with numerous marine fauna. 


V. I. YELISEYEV 


The stratigraphic position of the dinosaur 
stratum in the Tashkent deposit irrefutably 
-onfirms the conclusion that the bones they 
Ontain are in their original place of occur- 
ence. Not a single investigator of this dis- 
rict places the dinosaur stratum later than 
he Turonian in age. B.A. Borneman, [2], 
or instance, considers the age of the 
linosaur stratum to be Turonian; Ye.V. 
vanov [7] and N. Ye. Minakova [8] con- 
sider it to be Cenomanian. Recent detailed 
Nvestigations of the Cretaceous in the Tash- 
‘ent area by G.A. Belen'kiy have led him to 
ind that "stratigraphically above the bed 
vith the dinosaur bones lie deposits contain- 
ng Turonian and Cenomanian fauna (of the 
~ower and Middle Darbazin stage)" and "to 
xpress himself in favor of the Turonian 
ige of the dinosaur stratum" ([1], p. 78). 
Ml. Ye. Voskoboynikov [3], for the eastern 
art of the Ural area, cites a list of pango- 
ins (identified by V.S. Bazhanov) indicating 
hat the rocks in which they occur are of 
jarly Senonian (Coniacian) age. V.I. Samo- 
lurov [11] assigns these same deposits with 
he dinosaur bones to the Santonian stage. 


The age of the dinosaur stratum most 
robably differs in different places, decreas- 
ng in age from the Bissekta-Tashkent dis- 
rict toward the north and east -- that is, 

n the direction of the sea's advance. 


What was the ultimate fate of the dinosaur 
ones buried in the sediments of the Upper 
sretaceous sea? It appears that this differed 
n the various deposits, especially between 
hose of the Tashkent area on the one hand 
nd those of the Bozaba district on the other. 
n the Tashkent district, marine conditions 
Ontinued to prevail after the bones had been 
uried. Paleogene marine sediments covered 
1e Upper Cretaceous dinosaur deposits and 
rotected them from the action of atmos- 
heric weathering agents. It is because of 
lis that the bones of the Tashkent district 
re in a good state of preservation, and not 
ecause “the erosion took place under large 
uantities of water'', as I.A. Yefremov has 
uggested. 


In the Bozaba district, marine conditions 
id not reappear after the retreat of the 
Ipper Cretaceous sea; here, in the sur- 
oundings of a flatlands topography, conti- 
ental conditions predominated. Since they 
ere lying at a small depth below the sur- 
ice, the dinosaur bones and the deposits 
otaining them began to be intensively 
eathered. The bone-bearing gravel con- 
lomerates, sands and sandstones of the 
ozaba district were kaolinized, and the 
sbbles in these unstable rocks were altered 
) clay. In essence, these deposits represent 
weathered crust preserved from Paleogene 
mes to the present day. This weathering, 
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according to K. V. Nikiforova [9], took place 
in the Eocene, as shown by the occurrence, 
above these deposits and farther to the west, 
of the Late Eocene Saksaul' suite, which bears 
no traces of kaolinized weathering. This fact 
also explains the absence of any continental 
Eocene deposits in the territory of Kazakhstan 
and Central Asia. There was no "large-scale" 
erosion, whose evidence, according to I. A. 
Yefremov, is the dinosaur conglomerates, in 
the Eocene; during this time, on the contrary, 
the flat surface of the former bottom of the 
Upper Cretaceous sea was subjected to chemi- 
cal weathering and the formation of a weathered 
crust, whereas erosional activity was totally 
or almost totally lacking. 


There was erosion within the territory of Cen- 
tra] Asia and Kazakhstan only at the end of the 
Late Oligocene. Asa result of this and later cy- 
cles of erosion and deposition, the dinosaur stra- 
tum of the Tashkent district was freed of its over - 
lying Paleogene marine deposits and partially 
subjected to erosion. The dinosaur -bone deposits 
of the Bozaba and other districts, which were not 
protected by a mantle of younger sediments, 
underwent a greater degree of erosion. This is 
especially true of the Kok-Muynak deposits (in 
the center of the Boyamskiy district), which were 
located in an area of intensive Neogene -Quater - 
nary uplift. Thus it was a combination of tectonic 
movements and erosion that caused "the occur - 
rence of the deposits of the second type [all the 
above-enumerated deposits, with the exception 
of those in the Bissekta and Tashkent districts. 
--V. Ye. ] as isolatedislands and massifs''([6], 
p. 48). 


Allthe facts set forth above lead the present 
author to conclude that the dinosaur deposits of 
the Bozaba and Tashkent districts are primary 
and in their original place of occurrence in the 
littoral zone of the Upper Cretaceous sea, and 
thatI. A. Yefremov's conclusions regarding 
their secondary occurrence, their erosion and 
the destruction of the bones by powerful currents 
after fossilization are mistaken. 


It must also be added that, up tothe most recent 
time, there had been nofinds of more or less com - 
plete skeletal parts, or even whole individual 
bones of dinosaurs, throughout the enormous 
territory of Kazakhstan and Central Asia, that 
might indicate their occurrence in the place of 
origin. Recently, however, this argument also 
collapsed when in 1957 the Kazakhstan expedition 
of the Paleontological Institute of the Academy of 
Sciences of the U.S.S.R. discovered Upper Cre- 
taceous dinosaurs in situ inthe red-colored clays 
about 100 km north of the village of Dzhusala (near 
the Dzhusala-Karsakpay road). ' 


1The author obtained this information and the 
permission to publish it ina conversation with 
A.K. Rozhdestvenskiy, Ye.1I. Belyayeva and 
B.A. Trofimov, to whom he wishes to express 
his deep gratitude. 


NJ 
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PRIZE WINNERS IN GEOLOGY 


AWARD OF THE LENIN PRIZE IN 1958 TO 
ACADEMICIAN A.G. BETEKHTIN, 
ACADEMICIAN A.N. ZAVARITSKTY, 
-ACADEMICIAN D.S. KORZHINSKIY AND 
ASSOCIATE MEMBER OF THE ACADEMY 
OF SCIENCES OF THE USSR 
V.A. NIKOLAYEV 


y It has been a source of deep satisfaction 
or Soviet geologists to find, among the win- 
ers of the Lenin Prize in 1958, the names 
xf some of the greatest investigators in the 
jeld of ore formation -- Academicians A.G. 
setekhtin, A.N. Zavaritskiy (awarded post- 
lumously), D.S. Korzhinskiy and V.A. 
Nikolayev, Associate Member of the USSR 
Academy of Sciences. The high honor was 
sonferred upon these scientists for their 
articipation in the joint work, 'Fundamen- 
al Problems in the Study of Ore Deposits of 
Magmatic Origin". 


It is well known that the development of 
he theory of endogenic ore formation has 
nvolved great difficulties, since the pro- 
esses that have formed magmatic ore 
leposits, both in the past and in the present 
ime, take place in the deeper parts of the 
earth's crust, which are inaccessible to 
lirect observation. It was therefore inevi- 
able that the widely known theory of mag- 
latic ore formation set forth in Lindgren's 
yvorks should, with the gradual increase in 
eologic knowledge, come to be in opposi- 
On to the actual facts and to be subjected 
0 criticisms and corrections, especially 

m the part of Soviet geologists. 


Thus a great need has arisen for the 
‘stablishment of a new theory of the forma- 
ion of ore deposits that would correspond 
2 the present level of development of geo- 
gic science. This exceedingly important 
sk was begun in 1947 by the late Acade- 
nician §.S. Smirnov and carried on after 
is death: the first edition of ''Fundamental 
oblems in the Study of Ore Deposits of 
Magmatic Origin" was published in 1953, 
ut a second edition of this book was 
ready required in 1955. 


“The materials for which this high honor 
fas awarded -- the articles by A.G. Betekh- 
nm, A.N. Zavaritskiy, D.S. Korzhinskiy 

nad V.A. Nikolayey in this symposium -- 
irow a newer and greater light on many 
jroblems of ore formation associated with 
hagmatic activity; they represent an enor- 
nous contribution to the knowledge of ore 
i2posits, and thus also to the scientific 

sis of ene, prospecting and evalua- 
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The huge amounts of factual data com- 
piled by the many Soviet geologists and con- 
tained in their works have been condensed 
into a series of new and original theoretical 
formulations that have a strict basis in the 
physico-chemical sciences, but are neverthe- 
less closely tied to the practical work of 
mining and ore prospecting. 


A.G. Betekhtin, in four papers -- 1) "Hy- 
drothermal Solutions, their Nature and the 
Processes of Ore Formation,"' 2) "The Pro- 
cesses of Ore Formation in Hydrothermal 
Vein Deposits," 3) ''The Causes of the 
Movement of Hydrothermal Solutions" and 
4) "The Genetic Connection between Hydro- 
thermal Formations and Intrusive Bodies" -- 
has presented a detailed analysis of a num- 
ber of very complicated questions: the pro- 
cesses of formation and deposition of ores 
and the migration of hydrothermal solutions; 
the mechanism by which deposits are 
formed; the sources of the metallic com- 
pounds accumulated in these deposits and 
their genetic association with intrusive rocks 
of various compositions; the sulfur and 
oxygen regimes, the behavior of the hydro- 
carbons, and the roles played by water, 
alkalies and acids the processes of migra- 
tion and redeposition of mineral substances; 
the role played by liquid inclusions; the 
paragenetic mineral associations, colloidal 
and metacolloidal formations and the meta- 
morphism of ores; the causes of the move- 
ment of hydrothermal solutions, from the 
standpoint of hydrodynamics and hydrogeol- 
ogy; the mechanisms involved in the forma- 
tion of various types of deposits; the classi- 
fication of hydrothermal deposits according 
to their association with various types of 
igneous rocks; etc. 


The enormous amount of extremely varied 
factual material upon which these articles 
are based, the critical analysis of the views 
existing up to the present, their verification 
from the standpoint of the exact sciences 
(mineralogy, physical chemistry, hydraulics, 
etc.) and the practical aspects of mining 
and mineral prospecting -- all these are 
included in the methods used by the author 
in his papers 


A.G. Betekhtin's conclusions present a 
picture of all the stages in the process of 
endogenic ore formation, from the moment 
the elements are segregated from the mag- 
ma to the formation and alteration of the 
deposits under various conditions of inter- 
action with the host rocks, until they are 
brought to the earth's surface. 


D.S. Korzhinskiy's "Outlines of Meta- 
somatic Processes" is a summation of the 
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author's previous investigations in this field. 
The processes associated with alterations 
around the borders of the ore bodies are 
here examined in the light of broad theoret- 
ical conclusions drawn from numerous con- 
crete examples. The article describes the 
processes of metasomatism during the mag- 
matic and post-magmatic stages, and pre- 
sents a detailed analysis of bimetasomatism 
and contact-infiltration metasomatism and of 
the processes and types of skarn formation. 


The short article by A.N. Zavaritskiy 
"On Pegmatites as Formations Intermediate 
between Igneous Rocks and Ore Veins" first 
appeared in 1944, but has retained its im- 
portance up to the present time as an 
introduction to the understanding of magma- 
togenic ore formation. 


V.A. Nikolayev's article on ''The Prob- 
lem of the Genesis, the Hydrothermal Solu- 
tions and the Stages of Magmatic Processes 
Occurring at Depth" presents the author's 
studies of the peculiar features of the cry- 
stallization of binary and ternary silicate 
systems with volatile components, as 
applied to the investigation of magmatic 
processes taking place at depth and to the 
physico-chemical aspects of the formation 
of natural hydrothermal solutions. 


A.G. Betekhtin, A.N. Zavaritskiy, D.S. 
Korzhinskiy and V.A. Nikolayev have, of 
course, Clarified and more precisely elab- 
orated a number of aspects, but have not 
yet produced a final solution to the problem 
of magmatogenic ore formation. They are 
continuing their theoretical investigations in 
this field. 


Thus, for example, Academician A.G. 
Betekhtin has presented the results of his 
further study of the laws governing the 
processes of ore deposition in a number of 
chapters of a new jointly authored book, 
"Ore Textures and Structures", which has 
appeared in print. Academician D.S. Kor- 
Zhinskiy in 1957 published his paper on 
"The Physico-chemical Basis for the Analysis 
of Mineral Paragenesis"’. 


There is no doubt that these winners of 
the Lenin Prize will produce more works 
on the theory of ore forming processes. 

It is hoped that they will enjoy c ontinuing 
success in this endeavor, which is so im- 
portant for the economy of this country and 
the welfare of its people. 


D.1. Shcherbakov 
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ACADEMICIAN N.S. SHATSKTY, | 
WINNER OF THE LENIN PRIZE | 
IN 1958 | 


The scientific community has joyfully | 
welcomed the award of the Lenin Prize in 
1958 to the editor of the tectonic map of 
the U.S.S.R. and the adjoining countries, | 
on the scale of 1:5,000,000. This map, | 
which is a synthesis of the collective work | 
of a whole army of Soviet geologists, repre- | 
sents a great forward step in the scientific 
knowledge of nature. The guiding spirit, the 
organizer, the director and the main execu- 
tor of this project was Academician Nikolay 
Sergeyevich Shatskiy. 


The first synthesis of the tectonic struc- | 
ture of the U.S.S.R. was made twenty-five 
years ago by A.D. Arkhangel’skiy and N.S. 
Shatskiy. The construction of this tectonic 
map in 1933, which deservedly attracted the 
attention of the world's geologic community, 
was based on historical principles -- the age 
of the completed folded structures in the 
individual major geologic regions of the 
country. The great amounts of new informa- 
tion recently accumulated by Soviet geologists 
and geophysicists and the systematic study 
of the tectonics of the U.S.S.R. enabled 
N.S. Shatskiy, at the head of an organiza- 
tion of his colleagues in the Geological In- 
stitute of the U.S.S.R. Academy of Sciences, 
to publish, in 1952, the first tectonic map 
of the U.S.S.R. on the scale of 1:4, 000, 000, 
which has become widely known in the 
Soviet Union. This first tectonic map of the 
U.S.S.R. was distinguished from the tec- 
tonic maps of the United States of America 
(1944, 1951) and Canada (1950), which were 
constructed according to formal principles 
and did not sufficiently reveal the historical 
development of the North American continent. 


Under the direction of Academician N.S. 
Shatskiy, a new tectonic map of the U.S.S.R. 
and the adjoining countries, on a scale of 
1:5, 000, 090, was prepared for the Twenti- 
eth International Geological Congress held 
in Mexico in 1956. This map was univer- 
sally approved, and its editor, director and 
chief executor, Academician N.S. Shatskiy, 
was awarded the Lenin Prize in 1958. The 
new tectonic map was worked out in greater 
detail than its earlier version. In compiling 
this map, not only the latest published 
works but also a large quantity of unpub- 
lished material from various organizations 
was used. The map distinguishes tectonic 
structures of various orders, as well as 
intrusives of various ages and compositions, 
from the historical standpoint. 


The tectonic map of the U.S.S.R. and 
adjoining countries clearly reflects the high 
level of geologic science in the U.S.S.R. 


YE. V. PAVLOVSKIY 


the rapidity with which it has grown. 

> geologic history of the territory of the 
}.S.R., as expressed on the tectonic 

9, inevitably leads to a critical reconsid- 
tion of M. Bertrand's and E. Zeuss's 
ssic ideas of the coincidence in time and 
>e of the periods of folding and the indi- 
ual phases in this process. The map 

ws the following periods of folding: 
shean, Proterozoic, Baykal or Reef, 
edonian, Hercynian (Variscian), Meso- 

> and two Cenozoic -- the Alpine and the 
ific Ocean belt. 


The Baykal period of folding (at the end 
he Proterozoic and beginning of the Cam- 
in), which was distinguished by N.S. 
tskiy, is of the same order of importance 
the Caledonian, Hercynian and Alpine 

iods that were first noted by E. Zeuss 
M. Bertrand. 


A study of the new tectonic map of the 
..S.R. and the materials on which it is 
ed will also lead to a number of other 
ortant conclusions: such as a reduction 
he post-geosynclinal stages of the Cale- 
ian cycle, in contrast to the Hercynian, 
which the final stages in the development 
he folded zones were exceedingly long; 
origin and growth of border synclinal 
‘ures are associated with these terminal 
ses. The map also clearly reflects the 
rmous importance and independent posi- 
of the Mesozoic period of folding, which 
been well known to Soviet geologists for 
mg time. Many facts, moreover, have 
firmed the existence of two regions of 
ozoic folding occurring at different 

2s -- that of the Alpine period of folding 
a younger one, the Circum-Pacific belt, 
vhich the folding is still far from com- 
ion. Analysis of the tectonic map of the 
.S.R. and adjoining countries also 

cetly suggests the very important idea 
there has been a sharp division through- 
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out geologic history between the Pacific 
Ocean belt on the one hand and Europe and 
the western parts of Asia on the other. The 
new tectonic map supports Academician V.I. 
Vernadskiy's concept of a ''disymmetry" in 
the development of this planet. 


The tectonic map of the U.S.S.R. will 
serve as the basis for further investigation 
of many problems in theoretical tectonics; 
beyond this, however, this map is already 
of practical importance as a possible basis 
for the construction of metallogenic maps 
and maps for forecasting the location of 
various mineral deposits. 


The new tectonic map of the U.S.S.R., 
as Academician D.1I. Shcherbakov has 
pointed out, attracted the attention of geolo- 
gists from all over the world who partici- 
pated in the Twentieth International Geologi- 
cal Congress. It has become an important 
teaching aid in numerous schools of higher 
education in Western Europe (England, Bel- 
gium, France and other countries). The Lon- 
don Geological Society at the end of the past 
year devoted a special session to the tec- 
tonic map of the U.S.S.R. S.N. Bubnov and 
other prominent scientists of other countries 
have highly praised the new tectonic map of 
the U.S.S.R., which became familiar to 
thousands who viewed the Soviet pavilion at 
the Brussels International Exposition. 


Under these circumstances, it was quite 
natural that Academician N.S. Shatskiy at 
the recent International Tectonic Congress in 
Paris should have been elected President of 
the International Commission for construc- 
ting a tectonic map of Europe. It is sin- 
cerely hoped that Academician Nikolay Serge- 
vich Shatskiy, winner of the Lenin Prize, 
will enjoy new success in his efforts toward 
the development of Soviet and world science. 


Ye. V. Pavlovskiy 


REVIEWS AND DISCUSSIONS 


"THE PETROGRAPHY OF IGNEOUS 
ROCKS", by BOHUSLAV HEJTMAN * 


by>V.P. (Petrov 


The two books which make up this text 
were published independently of each other 
in 1956 and 1957 by the Academy of Sci- 
ences of Czechoslovakia; both have been 
approved by the Ministry of Schools and 
Cultures as textbooks for institutions of 
higher education. 


These two books are quite unusual, since 
they are based on a large amount of original 
Czech material. Inasmuch as they reflect 
the petrographic interests of Czech special- 
ists, they are also of primary interest to 
Soviet petrographers and geologists. Unfor- 
tunately, they also contain a number of 
statements that must be considered as some- 
what unfortunate. 


The first book, "The General Petrography 
of Igneous Rocks", which was issued in 1956 
as a volume of 369 pages, contains both 
indexes and a long bibliography showing ex- 
tensive use of works in Russian. As its 
title indicates, this volume presents an 
analysis of the general aspects of petro- 
graphy. It begins with a general introduction 
and a review of the methods used in petro- 
graphy, pointing out the particular impor- 
tance of microscopic methods of investiga - 
ting rocks. It should be mentioned that at 
the very beginning Prof. B. Hejtman analyzes 
quantitative microscopic calculations from 
thin sections, pointing out that there are 
two basic methods of performing such cal- 
culations -- the linear and the Glagolev 
point method. The great attention that he 
devotes to quantitative mineralogical meth- 
ods is quite proper, in view of the impor- 
tance of the quantitative mineral composi- 
tion of rocks in petrography; it is thus a 
cause for regret that the quantitative min- 
eral composition is scarcely considered 
later on, although it would have been useful 
in describing the rocks of Czechoslovakia 


‘Hejtman, Bohuslav. 1) Vseobesna petrografie 
vyvrelych hornin, 1956, 2) Systematica petro- 
grafie vyvrelych hornin, 1957. Nakladatelstvi 
Ceskoslovenske akademie ved. Praha. 
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‘the geochemical aspects of the structure of 


that are discussed in the second book. 


The following section deals with the dis-} 
tribution of the various rocks in nature, inj 
cluding both a general sketch of the distri-} 
bution of the different types of rocks and 
data on Czechoslovakia as a whole and on 
its most varied tectonic structures -- the 
Czech massif and the Carpathian mountain 
structures (see Fig. 1). The differences 
between them are very clear and specific: 
matamorphic and igneous rocks predominat¢ 
in the Czech massif, whereas in the Car- 
pathians they are of secondary importance. | 


Later sections of the text are devoted tat 


the silicates and to the classification of 
rocks; the author attaches particularly grea 
importance to this problem and presents a 
detailed analysis of Johanssen's mineralogi 
cal classification, Trager and Shand's class 
ification, the chemical computations and 
classifications made by F. Yu. Levinson- 
Lessing, Ozann, Niggli, Wolf and A.N. 


In spite of the great importance attached 
to the methods of computation, almost no 
use of these methods is made later on in 
the text; instead, the data from the chemi 
cal analyses are presented directly. This, 
of course, is quite proper, since the ori- 
ginal figures characterize the composition 
the rocks much more accurately than any 
recomputation of them. 


Zavaritskiy, and the Cross-Iddings-Pirrson } 
and Washington methods. To facilitate thes ! 
computations, mathematical tables from 
Osann are given at the end of the book. | 
B. Hejtman bases his classification of 
rocks on his own original mineralogical 
classification, in which he distinguishes 
three main types on the vertical line: roc j 
containing quartz, rocks containing neither 
quartz nor felspathoids, and felspathoid 
rocks. Within each of these three types hex 
distinguishes intrusive, dike and extrusive 
rocks. Along the horizontal line on the 
Table, the rocks are divided according to 
the content and amount of feldspars of the 
content of feldspathoids (see Table 1). In 
spite of the great originality of this classi 
fication and its many very interesting as- 
pects (such as the subdivision of the alkali 


7 Entire 

! territory of 

ezech massif Carpathian Czechoslovakia 
structure as a whole 


ig. 1. The distribution of the main rock 
pes in Czechoslovakia and its individual 
parts, according to B. Hejtmen. 


] -- sedimentary rocks; 2 -- igneous 
cks; 3 -- metamorphic rocks. 


rusives and the detailed subdivision of 

€ granitoids), it also contains some im- 
rtant defects. The chief of these, in the 
viewer's opinion, is that the author fails 
consider cenotypal and paleotypal extru- 
ives. Such a distinction would tie the 
trographic classification more closely to 
ye general scheme of geologic chronology 
d in many cases would bring out the geo- 


he English school of petrographers also 
Ores this distinction. B. Hejtman, how- 
ver, who is very well acquainted with the 
ussian and German literature, clearly sees 
1 the advantages of separating these two 
Oups, and throughout the succeeding text 
2specially in the second book) he stresses 
1€ paleotypal or cenotypal nature of the 
Ocks. This distinction should also have 
een made in the classification, the more 
O because the classification lists parallel 
srms for rocks. There is little point in 
laking further use of the very poor English 
2rm ‘rhyolite’ to designate any acidic, 
ght-colored, extrusive rock, since the 
srm "liparite"’ is much more specific in 
lis respect. The position of monzonite in 
. Hejtman's classification is also hard to 
nderstand: it can hardly be considered as 
variety of syenite. It is more usual to 
uke the term "'monzonite"” as a synonym 
9r gabbro-syenite or, in extreme Cases, 
IF syenite-diorite. 


There is also little advantage in distin- 
jishing a special series of dike rocks, 
specially since such proper dike rocks as 
Dlite, odinite, lamprophyre, bostonite and 
any others are not listed in the Table. It 
Ould have been more correct to call this 
lass of rocks porphyritic (hypabyssal), 
ince granite-porphyry, syenite porphyry 
ad others often form fairly large massifs, 


gic peculiarities of one district or another. 
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whereas spilites and diabases also form 
dikes. 


In discussing the distribution of rocks 
according to their compositions, B. Hejtman 
cites Richardson's and Snisbee's statistical 
curve, which of course is very indicative; 
in the reviewer's opinion, however, it would 
have been interesting to supplement these 
with P.N. Kropotkin's curve, which shows 
very clearly that the two peaks on Richard- 
son's distribution curve are due to the 
specially great concentration of acidic rocks 
among intrusives and of basic rocks among 
extrusives. 


Further chapters discuss the nature of 
the rock-forming minerals and the crystal- 
lization of artificial melts, with an analysis 
of very excellent examples of the zones 
plagioclases. There is an explanation of the 
conditions under which magma crystallizes, 
including the temperature, viscosity (making 
much use of M.P. Volarovich's data) and 
state of the magma in the depths of the 
earth; all this is done with extensive use of 
material from the literature and of original 
Czechoslovakian data, especially in the sec- 
tion on rock-forming minerals. This part 
of the bock will make very interesting read- 
ing for the Soviet reader, since it provides 
a summary of the minerals occurring in 
Czechoslovakia. B. Hejtman unfortunately 
pays little attention to the optical constants 
of the minerals he describes; this will 
probably be a serious defect for the Czecho- 
slovakian students who use this book. 


In contrast to many other similar text- 
books, this book also devotes some attention 
to the physical properties of rocks: specific 
gravity, temporary resistance to crushing, 
changes in orientation, color, the extent to 
which they can be polished, etc. 


The book ends with chapters analyzing 
the laws governing the associations of rocks 
and their genesis. The latter chapter is, 
unfortunately, too short. There is a great 
variety among present-day theories of the 
origins of rocks, so that the specialist needs 
more extensive information in order to find 
his way clearly in the literature on the sub- 
ject. Each specialist must base his personal 
judgement of these theories on investigations 
made for this purpose in the field; these can 
be carried only by knowing the fundamental 
principles of these theories and the facts on 
which they are based. 


The contents of the second book, pub- 
lished in 1957 as ''The Systematic Petro- 
graphy of Igneous Rocks", are fully indica- 
ted by the title. In a short introduction the 
author presents the above-mentioned table, 
showing his suggested classification of rocks. 
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N. N. SHISHKIN 


[he remaining 360 pages are devoted to 
jescriptions of the individual rock types in 
he order in which they occur in the 
‘lassification table (IA - the alkalic granite 
sroup, IB - the granite group, etc., down 
oO III - the carbonatite group). 


In spite of the author's strictly formal 
4pproach to the classification of rocks into 
sroups, the essence of his description of 
hese rocks is not at all formal. Wherever 
yossible, he uses original Czechoslovakian 
materials, finally presenting an interesting 
yetrographic summary of the rocks of 
szechoslovakia. Each description and analy- 
31s of a rock, which is often taken from the 
ider literature, is tied to one locality or 
mother; geologic maps are given of the 
nost typical areas in which certain of the 
‘ocks occur. There is some especially 
nteresting material on the Krkonoge- 
suerskiy and the Carlsbad massifs, the 
4rzgebirge and the group of phonolite mas- 
‘ifS in the areas of Ust' on the Laba ('Aus- 
ig in Bohemia") and around Bilin and Most 
wnd on a number of other localities. Only 
r those groups of rocks on which there 
re no actual Czechoslovakian data does the 
uthor use materials from other countries, 
king great use of Soviet literature, as 
vefore. The various rock groups are very 
mequally treated: a large amount of space 
s devoted to those which are most wide- 
pread in Czechoslovakia, whereas only 
srief accounts are given of the rocks that 
lo not occur in that country. 


Marie’ Soviet reader will tind this book 


articularly interesting. The rocks of Bo- 
emia and Slovakia were described earlier 
n numerous Viennese and German works, 
n which it was sometimes extremely diffi- 
ult to find any petrographic data on these 
ocks. B. Hejtman has gathered this infor- 
qation together, and his "systematic petro- 
raphy" will serve as an excellent guide to 
ae rocks of Czechoslovakia, especially 
Bice it includes a well prepared index and 
list of German names and of Czech and 
lovak geographic terms. 


The formal petrographic approach to the 
rrangement of the material in the text con- 
licts sharply with the general geologic 
ature of the exposition. The author is 
orced to return repeatedly to areas already 
qentioned earlier in the book, and some of 
1e most important aspects involved in the 
aterrelationships between the rocks, the 
ariations in their composition and the 
roblems of their origin are thus left out of 
is descriptions of various districts. 


The book reviewed here will quite ob- 
iously arouse great interest both in Czech- 
slovakia and in other countries, particu- 
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larly in the Soviet Union, and a new edition 
will be required very soon. This reviewer 
suggests that the author divide his book into 
two parts: a ''systematic petrography'' proper 
which presents only the petrographic charac- 
teristics in describing the rocks, and a 
“regional petrography of Czechoslovakia", 
containing a full exposition of the geologic 
position of the igneous rocks and of the 
importance of igneous activity in the geolo- 
gic history of the territory of Czechoslovakia. 


Both books, as already mentioned, are 
supplied with long bibliographies, which 
greatly enhance their value. The first book 
lists 403 titles, of which 17 percent are 
by Russian, 15 percent by Czech and 2 per- 
cent by Polish and Bulgarian authors. Of the 
494 titles listed in the second book, 52 per- 
cent are Czech, 7 percent Russian, 5 per- 
cent Polish, Bulgarian and Yugoslavian and 
only the remaining 36 percent are written 
in Western European languages. The litera- 
ture in Czech, which before the Second 
World War was scarcely available to Soviet 
specialists, is scantily treated in biblio- 
graphies and foreign reference journals, so 
that there have been many obstacles to its 
use. B. Hejtman's bibliographies will do 
much to further the use of Czechoslovakian 
literature. 


The list of Czech and Slovak place names 
juxtaposed with their old Germanized ver- 
sions, by which they were known in the 
literature before 1917, will be of great use 
to the reader. 


These two books deal only with the petro- 
graphy of igneous rocks; the problems of 
metamorphism both in the depths of the 
earth's crust and under the conditions close 
to the surface, where many minerals are 
formed, still remain to be treated. The 
author evidently proposes to take up these 
questions, which are of more pressing im- 
portance at the present time, in his suc- 
ceeding works. The originality of his 
approach to the igneous rocks leads one to 
expect similarly interesting and original 
works from the author in this field as well. 


SOME REMARKS ON D.O. ONTOYEV'S 
ARTICLE "ON THE CONDITIONS GOVERN- 
ING THE LOCALIZATION OF NICKEL- 
COBALT ARSENIDE ORES IN THE 
CARBONATE VEINS WITHIN SKARN ROCKS" 


by N.N. Shishkin 


The "Bulletin of the Academy of Sciences 
of the USSR, Geologic Series", No. 9, 1957 
contained an article by D.O. Ontoyev "On 
the Conditions Governing the Localization of 
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Nickel-cobalt Arsenide Ores in Carbonate 
Veins within Skarn Rocks". The arsenic- 
nickel-cobalt deposit of Khovakhsa in the 
Tuva Autonomous Oblast’, about which the 
author is writing in his article, has been 
studied by a large number of geologists 
since its discovery by V.A. Unksov, G.N. 
Ivanova, A.A. Bogomol and V.A. Bobrov. 
Besides the above-mentioned ‘persons, in- 
vestigations of the geology of the region 
and the deposit have been made by V.I. 
Bondarenko, S.N. Kondakov, Ye.G. Staros- 
tina, R.S. Tarasova and N.A. Tikhomirova, 
and of the mineralogy of the deposit by V.A. 
Unksov, and Ye.1. Nefedov (VSEGEI), M.G. 
Markina, A. Ya. Volzhenkova, A.P. Polush- 
kina (VIMS), N.N. Shishkin, A. Ye. Aleshu- 
nina, V.A. Mikhaylova (Gipronikel'), G.A. 
Krutoy, L.K. Yakhontova, A.A. Godovikov 
(MGU) and L.1I. Gavrilova (Uralmekhanobr). 
The results of these studies are contained in 
numerous reports and in many published 
articles [1-6]. 


Thus the appearance of a new article 
on this deposit cannot fail to arouse the 
reader's interest. 


Unfortunately, D.O. Ontoyev has not 
studied the papers by a large number of in- 
vestigators of this deposit, and has set 
forth a number of facts inaccurately and 
sometimes even incorrectly. 


One case in point is the association of 
the ore formation with skarn rocks. The 
results of investigations made in recent 
years by V.A. Unksov and the author of 
these observations show that not all of the 
replaced rocks, as was thought earlier, 
are properly called skarns. The rocks 
which are not skarn include the low-iron 
prehnite, prehnite-scapolite and scapolite 
rocks occurring mainly throughout the sand- 
stones and siltstones -- rocks with a clay 
cement. 


Later on, the author of the article says 
that "as the veins move downward in depth 
from the skarns into the sandstones and 
granites, and also upward (and in places 
along the strike) in the argillites, the con- 
tent of industrially valuable nickel-cobalt 
ores drops sharply and the veins actually 
become barren, although they are composed 
of the same carbonate minerals" (p. 50). 
This statement, which is correct in prin- 
ciple, requires clarification. In recent 
years [3] underground workings in individ- 
ual veins have encountered lenses of rich 
ores in the siltstones (argillites, according 
to D.O. Ontoyev), which lie above the 
level of the skarn rocks. 


Dwelling very briefly on the mineral 
composition of the veins, D.O. Ontoyevy in- 


cludes ankerite among the chief vein min- 
erals, although the content of this mineral 
[3] in the veins of the deposit is negligible. 
Among the main ore minerals of the veins 
he lists skutterudite, though its distribution 
is very limited, and in the oxide zone he 
includes arsenolite and scorodite -- min- 
erals which also have a very limited occur- 
rence in this deposit. On the other hand, 
smolyanovite [5,6], which is well known in 
the deposit, is not even mentioned. 


Farther on, the author writes that the 
metasomatic carbonate rock consists mainly 
of fine-grained ankerite. Studies under the 
microscope, chemical analyses and X-ray 
investigations, however, show that this rock 
is made up of dolomite and calcite, whereas 
the ankerite in it occurs very infrequently 
and appears along the border with the gran- 
ite. 


The data from chemical analyses of 16 
samples of mineralized metasomatic carbon- 
ate rocks show that the average content of 


FeO is 2.06 percent (ranging from 0 to 5.35 


percent), while that of MgO is 6.92 percent, 
CaO is 27.3 percent and COg is 22.45 per- 
cent. Thus not ankeritization, as the author 
asserts, but dolomitization is the main pro- 
cess involved in the formation of the meta- 
somatic carbonate rocks which contain the 
arsenide-carbonate (chiefly arsenide-calcite) 
veins [3]. 


The author ought to have based his judge- 


ments on a thorough study of the mineral 
content of both the host rocks and the ore 


veins and paragenetically associated minerals, 


taking account of the results obtained by the 
above-mentioned investigators. 
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/ON A.G. ALIYEV AND V.P. AKAYEVA'S 

BOOK, "THE PETROGRAPHY OF THE 

JURASSIC DEPOSITS IN THE SOUTH- 
EASTERN CAUCASUS" ! 


by G.N. Brovkov 


The Jurassic deposits form a very large 
nd important part of the complex of sedi- 
entary rocks in the Caucasus. It is suffi- 
ient to say that their greatest total thick- 
ess within the southeastern Caucasus ex- 
eeds 10,000 meters, and that numerous 
nineral deposits are associated with them: 
oal, siderite, limestone, dolomite, gypsum 
md anhydrite, sulfur, celestite, gas and 

il occurences, etc. It is natural, therefore, 
Nat in recent years an ever greater number 
f geologists should have made detailed 
tudies of the lithology of the Jurassic de- 
osits, and that the book under considera- 
ion here, which is a compilation of data on 
1e Jurassic petrography and mineralogy of 
1e southeastern Caucasus, should serve as 
good basis for similar investigations. 


The authors have set themselves the task 
f studying in detail the material composi- 
ion of the rocks in the southeastern Cau- 
asus, their facies peculiarities and the 
aleogeographic conditions under which they 
rere accumulated, to distinguish those which 
orrespond petrographically and stratigraphi- 
ally, and on this basis to correlate the 
tratigraphic sections of this region. More 


press of the Azerbaidjan SSR Academy of 
ciences, Baku, 1957. 


G. N. BROVKOV 


than 5,000 different analyses were made, and 
19 sections are described. 


After a brief review of the stratigraphy 
based mainly on the literature, chapters | 
and Ill, which present the petrographic fea- 
tures of the predominant rock types and 
sections, form the main part of the book 
(more than 75 percent of its length). Here 
the general features of the terrigenous, 
argillaceous and carbonate rocks -- their 
granulometric composition, their texture and 
structure, their cement and their mineral 
composition -- are considered in detail, con- 
cretions are described, some questions of 
mineral formation are touched on and a 
petrographic analysis of the sections through 
the Jurassic strata is made. The text is 
well illustrated with numerous tables and 
figures. 


Some remarks must be made on the con- 
tents of these two chapters. It is impossible, 
for example, to agree with the classification 
of the cross bedded series (types of bedding) 
presented by the authors. Four types of 
series (those with concave and concavo- 
convex beds leveling off at the base; those 
with a supposed alternation between gray and 
reddish-brown parallel beds; cross bedded 
series; and those with thin slantwise and 
wavy beds) have been distinguished on the 
basis of different criteria: in one case the 
scale of the series, in another the form of 
the bedding and the color of the rocks, and 
in still another the relationships with the 
neighboring series. 


The morphological classification, in the 
reviewer's opinion, should have been based 
on two or three criteria used in conjunction 
(the scale of the series, their interrelation- 
ship and the form of the bedding), and this 
principle should have been maintained from 
the beginning to the end. These four types 
of series, moreover, are at the same time 
considered as four types of bedding, and 
their genetic interpretation is often errone- 
ous. The first type of bedding the authors 
consider to be mainly deltaic -littoral- 
marine (? - G.B.), although, to judge from 
the illustrations and the description, it is 
usually encountered in channel and partly 
in deltaic deposits. The third type of bedding, 
which the authors call littoral-marine, is 
also more typical of delta and channel 
deposits, and is not considered by the major- 
ity of lithologists to be an independent type. 
The term "'curve-bedded" is hardly a good 
one. 


A.G. Aliyev and V.P. Akayeva have 
oversimplified the classification of the car- 
bonate rocks. Crystalline and pelitomorphic 
limestones cannot properly be considered as 
independent types, if the petrographic com- 
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position is the basis of the classification; 
the degree of crystallization is a structural 
criterion of limestones. 


The authors, on the basis of chemical 
analyses, follow S.G. Vishnyakov in dividing 
carbonate rocks into such types as sub-sandy, 
sandy and dolomitized sandy limestones, 
marls and clay marls. But an almost negli- 
gible amount of silicon dioxide in the lime- 
stones is not always a reason for calling 
them sandy (silicified limestones). This 
classification makes no mention of merely 
dolomitized limestones and dolomites, which 
occur in the deposits of the Upper Jurassic. 


Some inaccuracies have crept into the 
microscopic description of the limestones: 
cryptocrystalline and petitic structures have 
been indicated in the case of bioclastic 
limestones (p. 117), and in characterizing 
the sandy limestones mention is made of 
the structure of the cement, for which there 
is no basis, etc. 


The description of the concretions omits 
one essential aspect -- the relationship 
between their composition and the facies of 
the containing rocks. The main problems 
of authigenic mineral formation in the 
Jurassic rocks of the southeastern Caucasus 
are given scant treatment. 


In a short chapter IV, “The petrographic 
criteria for the stratigraphic correlation of 
the Jurassic deposits in the southeastern 
Caucasus", the authors have attempted to 
describe the petrographic and mineralogical 
characteristics of the suites distinguished 
by previous investigators. This attempt, un- 
fortunately, is based on a single section 
(that of the Babachay River), so that the 
conclusions cannot be extended to the whole 
of the southeastern Caucasus because of the 
rapid facies changes in the Jurassic deposits. 


The terrigenous-mineralogical provinces 
established by A.G. Aliyev and V.P. Akayeva 
(in chapter V) are fairly well founded, al- 
though it must be said that there is little 
basis for extending the terrigenous-mineral- 
ogical provinces to the territory of Dages- 
tan, where only individual sections scores 
of kilometers distant from each other have 
been studied. 


The concluding chapters VI and VII ana- 
lyze the facies and the paleogeographic con- 
ditions under which the Jurassic deposits 
were accumulated. Within these strata the 
authors have found only marine facies, 
which they subdivide into shoreline, shallow- 
water and deep-water types. Brief petro- 
graphic descriptions, diagrammatic maps 
and block diagrams of the facies are given. 
The paleogeographic aspects (the location of 
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the sources of material in the deposits, the 
means and the conditions of transportation, 
the climate, etc.) are thoroughly discussed | 
and well argued, taking full account of the 
work done by previous investigators (V. Ye. 
Khain, N N. Rostovtsev, I.A. Konyukhov | 
and others). 


Some observations must also be made on | 
the chapter deyoted to the facies of the | 
deposits. There is no basis for the author's 
categorical statement that there are only 
marine facies in the Jurassic deposits of 
the southeastern Caucasus. According to 
observations made by the reviewer, south- 
western Dagestan contains undoubted conti- 
nental deposits which include not only coals 
(mentioned in passing in the paleogeographic | 
outline on p. 200), but also channel, flood- | 
plain and lacustrine deposits. The facies in | 
the Jurassic complex are much more varie- 
gated than the present work would indicate. 
Familiarity with the sections through the 
Jurassic in the parts of Dagestan next to 
Azerbaydzhan would show that there are no 
less than 13 or 14 facies here, and that 
they cannot in any way be encompassed by 
the three facies described in this monograph: 
littoral, shallow-water and deep-water. Such 
an approach would require grouping argil- 
lites, silt and sandstones, conglomerates and 
pelitomorphic limestones in a single shallow- 
water facies (see pp. 188 - 189), which can 
hardly be considered correct. Continental 
deposits, including coal, are grouped within 
the shoreline facies of the Aalenian stage 
(see pp. 186 - 187). The authors contradict 
themselves, when they constantly speak of a 
shallow-water facies and in the same context 
of shallow-water facies (shoreline and others 
also): a facies and a group of facies are not 
the same thing. 


The above-mentioned classification of 
facies is also reflected in the facies maps, 
which are little different from the usual 
very schematic petrographic sketch maps. 


A.G. Aliyev and V.P. Akayeva have, in 
a number of cases, allowed some inaccu- 
racies to remain in their section on the use 
of authigenic minerals as criteria of the 
geochemical conditions. In the case of the 
shallow- and moderately deep-water deposits 
of the Toarcian stage (see pp. 186 and 199 
- 200), for example, they assume that 
oxidizing conditions predominated in the 
formation of the sediments, on the basis 
of the presence of iron hydroxides, iron- 
clay (?) lenses and nodular interbeds 
(which?) in the rocks. This is not convinc- 
ing, since the iron hydroxides in the 
Toarcian rocks, which are usually dark- 
colored and rich in carbonized plant detritus, 
as a rule appear only in the weathered zone 
as ferrous iron compounds. In another case 
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p. 201), the authors, finding considerable 
juantities of limonite, pyrite, siderite and 
ron-carbonate concretions in the Aalenian 
‘ocks, conclude that there might have been 
lydrogen sulfide contamination in the basin; 
t is hard to concur in this without being 
sure of the secondary nature of the iron 
ydroxides, and it is more logical to assume 
hat there was only temporary hydrogen sul- 
ide poisoning in the mud and not in the 
vater of the basin. In order to solve such 
roblems, one must pay strict attention to 
he time of formation of the authigenic min- 
rals and their associations, and not con- 
use the water in the mud with the water 
ove the mud level. 
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The absence of a section in the mono- 
graph devoted to even a brief description of 
the ore deposits associated with the Jurassic 


sedimentary complex must be considered a 
defect. 


In conclusion, the reviewer wishes to say 
that, in spite of some defects, the mono- 
graph by A.G. Aliyev and V.P. Akayeva on 
"The Petrography of the Jurassic Deposits 
in the Southeastern Caucasus" is a broadly 
inclusive and very useful work that will be 
read with interest by many geologists. 
There is no doubt that geologists in the 
Caucasus will make use of it in their sci- 
entific and practical work. 
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CHRONICLE 


General Meeting of the Department 


of Geologic and Geographic Sciences 


of the U.S.S.R. Academy of Sciences 


At the General Meeting of the Department 
Geologic and Geographic Sciences of the 
S.S.R. Academy of Sciences, held on June 
,» 1958, Academy Member N.S. Shatskiy 
ad a paper on "The Origin and Movements 

the Earth's Crust; V.V. Belousov, Cor- 
eons Member of the U.S.S.R. Academy 

ciences, reported on his work in the field 
tectonophysics in his paper entitled "Some 
s=hievements and Prospects of Tectonophysi- 
J_Research." 


Both papers were received with great 
terest and were followed by a lively ex- 
ange of opinions. The papers will be pub- 
shed in the "Izvestiya, U.S.S. R. Academy 
Sciences, Geologic Series." 


Elections for corresponding members to 
e Geologic and Geographic Department of 
e Academy were held, and the following 
sre unanimously elected: 
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1) Khabib Mukhamedovich Abdullayevy, 
Doctor of Geologic and Mineralogic Sciences, 
and Chairman of the Academy of Sciences of 
the Uzbek S.S. R. 


2) Aleksandr Vol'demarovich Peyve, 
Doctor of Geologic and Mineralogic Sciences, 
and Deputy Director of the Geologic Institute 
of the U.S.S.R. Academy of Sciences. 


3) Professor Viktor Aleksandrovich 
Priklonskiy, Doctor of Geologic and Minera- 
logic Sciences, and Director of the Hydro- 
geologic Laboratory of the U.S.S.R. Academy 
of Sciences. 


4) Vladimir Ivanovich Smirnov, Doctor 
of Geologic and Mineralogic Sciences, Pro- 
fessor at Moscow University. 


5) Professor Veniamin Grigor'yevich 
Bogorov, Doctor of Biologic Sciences, and 
Deputy Director of the Oceanography Insti- 
tute of the U.S.S.R. Academy of Sciences. 


6) Professor Ivan Stepanovich Isakov, 
Admiral of the Fleet. 
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